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o Holy Spirit, by whose grace
Our skills abide, our wisdom grows,
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New paths to probe, new thoughts to trace,
Grant us your wisest way to go
In all we think, or speak, or do.
H.C.A. GADNT (1902-19831
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ABSTRACT
The prevalence of developmental enamel defects in t11 permanent
dentition was investigated in a sample of 2923 East London school-
children aged 5 to 15 years. Enamel discolourations and hypoplasias
were identified using well defined criteria.
Two-thirds of the children had at least one tooth with- an enamel
defect. In the group of 1518 children with 24-28 erupted permanent
teeth, 68 per cent had enamel defects with. a mean of 3.6 per child.
The upper central Incisors and first molars had the highest prevalence
of enamel defects. In these teeth., the proportion of defects decreased
with.. age. The majority of defects were discolourations; 67 per cent
of children..with a "complete" -permanent dentition had discolouration
defects whereas only iS. per cent had enamel bypoplasia.
The aetiology of defects-found in children with. two or more
hypoplastic teeth was investigated in a family study. Four of the
101 index cases had amelogenesis imperfecta and 18 had chronological
hypoplasia caused by systemic diseases. The defects in a further 18
subjects had a probable systemic aetiology. Bilateral hypoplasia
of the lower incisors was found in 22 subjects and a multifactoria].
mode of inheritance was postulated for this condition. For one third
of the index cases no cause could be found for their hypoplasia.
A histological study. complemented thesurveys by describing
structural characteristics of different types of enamel defects.
The investigation highlighted a number of differences between enamel
defects caused by systemic upsets and those caused by genetic factors.
An archaelogical. study assessedthe prevalence-of enamel
h-ypoplasia in a cällection of early British skulls. Thirty-seven
per cent had a number of hypoplastic teeth. There were few severe
cases of hypoplasia; the most common type of defect being shallow
horizontal grooves. The many teeth with shallow defects suggested
periodic disturbances in enamel formation between 2 and 6 years of
age.
This thesis has provided further information about the complex
nature of enamel defects. The different aspects of enamel defects
which have been investigated have contributed to a greater under-
standing of their prevalence, aetiology and histology.
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CaAPTER 1
GENERPL INTRODUCTION MD AIMS
9.
Dentistry has long been concerned with aesthetics an in particular
with the appearance of the face and teeth. Defects of the facial features
or the teeth mar the appearance and may be a cause of considerable distress.
Thus, because of their visibility and frequency of occurrence, developmental
enamel defects have created much interest and concern in patients, clinicians
and research workers alike.
Many prevalence studies of ename. defects have been carried out, but
a lack of uniformity in their classifications has made inter-study comparisons
difficult. Unlike dental caries where the D.M.F. index provides a measure
for assessing the pattern of disease within and between populations, the
prevalence and severity pf enamel defects have not been similarly monitored
(Cuttress and Suckling, 1982), There is a need for further studies using
well defined classifications which may be compared with those of other
workers. Such studies should provide useful data on the prevalence and
severity of enamel defects in different populations. Also, although
numerous factçrs have been described as causal agents of enamel defects,
it is still difficult to determine the aetlology of many of these anomalies.
Further research is required to investigate the causes of enamel defects
and, in partic1ar, the role of genetic factors.
In order to gain a comprehensive picture of enamel defects, their
histopathology must also be studied. Histological studies provide useful
descriptive data anc add further information about the distinguishing
features of defects with differing causes. The prevalence of enamel
defects has been used by archaeologists to make assumptions about the
health çf early populations. Howeyer, as with prevalence studies among
modern chilren, many of the studies on enamel defects in prehistoric
populations cannot be compared usefully either with each. other, or with.
the results of studies of contemporary populations because of the different
criteria employed. In order to make objective comments about archaeological
10.
material, further studies of enamel defects should be conducted using
uniform criteria which have been established in a modern population.
The present study aimed to investigate the prevalence an
aetiology of developmental enamel defects in a group of East London
schoolchildren, using well defined criteria. A histological study
sought t complement the other sections by describing the structural
characteristics of extracted teeth with enamel defects of different
aetiologies. In addition, a study of archaelogical material aimed
to assess the prevalence of enamel defects in a collection of early
British skulls, using the same index as that used in the main prevalence
study.
The specific objectives were, therefore:
1. To review enamel defects; their classification, prevalence and
causes, from published work.
2. To classify developmental defects of enamel intoan epidemiological
index using their macroscopic features.
3. To measure the prevalence of enamel defects in permanent teeth
in a group of white Caucasian, East London schoolchildren, using
the proposed classification.
4. Tp consider, by means of a detailed family study, the influence
of genetic and environmental factors in the aetiology of the
enamel hypoplasia found in members of the above population.
5. To carry out a histological study of extracted teeth with enamel
defects of different aetiologies, in order to correlate their
macroscopic features ana microscopic structure.
6. To measure the prevalence of enamel defects ma collection
of early British skulls using the proposed classification.
11.
SBCTIONA: The classification, prevalence and aetiology of
developmental enamel defects.
CIAPTER 2
REVIEW OF TUE LITERATURE
12.
2.1 DEFINTI'IONS OF ENANEL DEFECTS
Developmental enamel defects may be defined as disturbances in
the enamel matrix and/or its mineralisation during odontogenesis.
These defects may be localised to a single tooth, or affect the whole
dentition; they may vary in severity from a mild defect of mineralisation
to almost complete failure of enamel formation (.Cutress and Suckling,
1982). Clinically they may vary from a small white speck to a large
area f discoloured enamel; from a small pit to almost complete loss
of enamel over the whole crown of the tooth.
Many terms have been used to describe defects of enamel including:
hypoplasia, hypocalcification, opacity, internal enamel hypoplasia,
mottled enamel, fluorosis, enamel aplasia, missing enamel and white spots.
These terms are rather confusing because some are of a descriptive,
or morphologic, nature whereas others are based on hitopathology and
others have an etiological origin. It is apparent, therefore, that
there is a need for a uniform and well-defined terminology.
Weinmann et al. (1945). were among the first people to distinguish
between hypoplasia and hypocalcification on a histological basis. They
defined hyppplasia as: "a quantitative defect produced by an interruption
or disturbance in the formation of the organic enamel matrixt'. Similarly,
hypocalcification was defined as: u a qualitative defect pro6ucec by a
disturbance or interruption in enamel maturation or calcification".
Other workers have defined opacities, discoloured enamel and hypoplasia
according to their clinical appearance (7orrest, 1956; Nevitt et al.,
1963; Young, 1973; F,.D.I., 1982). From these studies the following
simple definitions may be derived:
a) Histologically, enamel defects may be defined ashypomineralisation,
hypoplasia, or a combination of the two;
13.
Hypominera lisation
A 6efIciency in enamel m.ineralisation.
Hypoplasia
A deficiency in the amount of enamel tissue.
b) Clinically, enamel defects may be described as discoloured enamel
and enamel hypoplasia;
Discoloured enamel
An obvious abnormal appearance of the enamel due to a loss of
translucency, or due to the colour of the enamel, the shade and
distribution of which is obviously outside the range of normal
variation. Discoloured enamel may range from a small opaque
white patch (an opacity, to brown discolouration of the whole
crown of the tooth.
Enamel hypoplasia
Areas of missing enamel involving the surface of the tooth. The
defective enamel may occur as pits, grooves, or areas of missing
enamel.
2.2. CLASSIFICATIONS OF ENAMEL DEFECTS
Many studies have specifically collected data on defects for the
purpose of assessing cause and effect relationships (c.f. Sections 2.3
and 2.4).. These studies have required well defined classifications
such as that proposed by Dean (1934)., who investigated the relationship
between 6efecs and fluoride in the water supply. His classification of
mottled enamel depended.on the degree of severity of the defects which.
ranged from normal, up to severe, where the whole enamel surface was
involved and was hypoplastic. Later, Dean (1942).proposed a method for
measuring the severity of dental fluorosis within a community in which.
each of the grades of mottled enameL was assigned a statistical weight
according to the following scale:
14.
0	 Normal	 2 Mild
0.5 Questionable 	 3 Moderate
1	 Very mild	 4 Severe
The score assigned to an individual was the one which corresponded
to the two most severely affected teeth in the mouth. On the basis of
the number and distribution of the individual scores a community index
of dental fluorosis (Fci).. could be calculated:
Sum of (number of individuals x
Fci	 =	 statistical weights)
Total number of individuals examined
Dean (l942) stated that: "For public health administrative guidance
a community index of dental fluorosis of 0.4 or less is of no concern
from the standpoint of mottled enamel per se; when, however, the index
rises above 0.6 it begins to constitute a public health problem warranting
increasing consideration".
The use of Dean's index of fluorosis has been questioned by a
number of authors (Jackson, 1961; Young, 1973; Small and Murray, 1978).
M$ller (1965) suggested that three intermediate values should be
introduced in order to make the index more sensitive. Even S9, different
interpretations are likely to be used when deciding on the milder and
more severe forms of fliorosis within each grade. Also, a community
index of fluorosis presupposes that fluoride is the causative agent
of all mottled enamel, whereas many of the enamel defects diagnosed,
particularly in the "questionable" and "mild" categories, undoubtedly
were associated with Qther aetiological factors. More recently,
Thyistrup and Fejerskov (1978). have developed a new classification for
the assessment of dental fluorosis. This classification system includes
ten scores designe& tQ characterise the macroscopic--degree of dental
fluorosis in relation to the histological changes.
Latterly, attention has been focused on the need to develop an
index of enamel defects based solely on the clinical appearance of the
15.
lesions and not on presumed aetiology. The aim of such an index would
be to provide a means of recording the defects in a logical way which
would permit evaluation of the data for useful purposes.
namel defects may be distinguished by three features; location,
discolouration and alteration to the tooth outline. Thus, descriptive
data and the distribution of defects in the dentition would appear to
provide a sound basis fpr recording and evaluating enamel defects.
Examples of simple descriptive classifications are those described
by Carr (.1966)., Richards et al. (1967). and Beck (.1968), Sarnat
and Schour (1941, 1942) described a more detailed classification in
which they related chronologic and morphologi.c characteristics of
defects. Young (.1973).. and Al-Alousi et al. (.1975) proposed similar
classifications which were based solely on the clinical appearances of
the lesions and so could be used in high and low fluoride areas CTable
2.1). Similarly, Murray and Shaw (1979).. used a modification of these
two classifications in their study. Although these classifications
distinguished between different sizes and types of discolourations none
of them sought to differentiate between different types of hypplasia.
Andreasen and Ravn (1973) introduced a possible advance on Young's
classification by differentiating between internal and external enamel
defects, with or withQut discolouration and large or small defects.
Suckling et a].. (1976). modified the Andreasen and Ravn index to produce
a classification which differentiated between hypoplasias (external
defects)., opacities (internal defects). and various sub-types. This
classification also included a specific category for tetracycline
staining. The inclusion of a category for tetracycline staining causes
some problems inasmuch as it is recorded on the basis of presumed
aetiology; if it is not recorded as a separate category, however, but
merely as discoloured enamel, much useful information may be lost.
16.
Recently the F.D.I. has published an epidemiological index of
developmental defects of dental enamel (DDE Index) (F.D.X., 1982). This
index is presented in Table 2.2. Unlike other classifications, it does
not record the different sizes of the defects, but it does allow the number
and demarcation of defects to be re-corded. Also, unlike many other
classifications it allows different types of hypoplasia to be distinguished.
Interestingly, the classification distinguishes between opacities and
6iscoloured enamel, mainly to allow for the recording of tetracycline
staining. The distinction between large discoloured opacities and
discoloured enamel is often difficult to make, however, and it might
be more useful to record all opacities and discolourations as
"discoloured enamel" and distinguish between them by means of their
colour and size. Where tetracycline is thought to be the cause of the
defects this may be recorded separately as is suggested by the F.D.X.
Unfortunately this index was not completed in time to be used in the
present study. Thus it was decided that an index should be prepared
for this study which would be comparable as far as possible with the
F.D,I. index and with those used in other recent studies. It would
differ from these other indices, however, inasmuch as discolourations
and hypoplasias would be recorded separately to enable different types
of hypoplasia to be recorded in detail , an aspect of enamel defects
which has not previously been investigated to any great extent.
2.3 THE PREVALENCE OF ENAMEL DEFECTS
Many studies have been conducted on the prevalence of enamel
defects. Inter-study comparisons, however, are difficult because
of the different criteria used. In addition, many studies do not
state the conditions under which. the subjects were examined. For
-.	 -,'.------- -
example, lighting, the position of the subjects and whether or not
the teeth were dried before being exained may all affect the visibility
17.
of enamel defects and the results of a study. Table 2.3 lists a number
of prevalence studies, the terminology used and their main findings.
Some of the first prevalence studies on enamel defects were those
carried out by Dean into the relationship between so-called mottled
enamel, or fluorosis, and the fluoride content of the water supply
(Dean, 1933, 1936; Dean and Elvove, 1935, 19361. These and s'.bsequent
studies (Forrest, 1956; Mller, 1965; Thyistrup and Fejerskov, 1978)
provided evidence that where the fluoride in the water supply is above
the optimum level (1 p.p.m.)i, the higher the fluoride level, the greater
is the degree of dental fluorosis Cc.f. Section 2.4.2}.
It has been suggested that in high fluoride areas mottled enamel
occurs symmetrically in the dental arches (Zimmerman, 1954; Forrest,
1956; M$ller, 1965). Premolars have been found by some authors to be
the most severely affected, whereas first molars and incisors were the
least severely affected (Forrest, 1956; M1ler, 1965). Thy1strip and
Fejerskov (1978), however, showed that in areas-with 6.0 and 21.0 p.p.m.
fluoride in the water there was a progressive increase in severity of
fluorosis from the anterior to the posterior teeth in the maxilla as
well as in the mandible. Furthermore, the second and first mandibular
molars appeared to be more affected than the maxillary molars, whilst
the fluorotic changes in the remaining teeth were less pronounced in the
mandible.
Weaver (1944) found no mottling in deciduous teeth at a fluoride
level of 1.4 p.p.m. but Coumoulos (1949) reported that 58.3 per cent
of children were affected in areas with 4.5 - 5.5 p.p.m. fluoride'in
the drinking water. More recently, Forsman (1974) and Thyistrup (19781
have reported high prevalences of dental. fluorosis in the deciduous
dentition in areas with iigh. levels of fluoride inthe water supply.
The occurrence of enamel defects In optimum and low fluoride areas
have received less attention, but some specific surveys have been conducted
18.
and a number of general surveys of dental health have also included the
recording of these defects. rn particular the prevalence of tetracycline
staining Wlvestad et al., 1978).., defects caused by trauma to deciduous
predecessors (Andreasen and Ra yn, 1973).. and the relationship between
defects and the infectious exanthemata (Wilson and Cleaton-Jones, 1978)
have been investigated (c.f. Section 2.4).... Very few studies have been
conducted on the prevalence of genetically determined enamel defects.
Witkop (1958), in a study of over 96000 children in Michigan, found
that all inherited enamel defects taken together occurred only once
in 14,000 to 16,000 children. This study,however, only recognised
a limited number of genetically determined enamel defects and it was
conducted on a racially mixed population which wu1d make comparisons
with other groups diffic1t.
Other studies have sought to determine the prevalence of enamel
defects without presuming aetiology. From the listed studies (.Table
2.3) it may be seen that the number of children with at least one
permanent tooth with an enamel defect varied from 14.6 per cent
(Nevitt et al., 1963) to 83.5 per cent (Hurine, 1949) in low C0.2 -
0.3 p.p.m.).. fluoride areas. Many investigators found that the maxillary
oentral incisor was the most commonly affected permanent tooth (Sognnaes,
1941; Forrest, 1956; Jackson, 1961; Young, 1973; Murray and Shaw, 1979).,
but Hurme (19491 and Arkie (1962). reported that the maxillary first
molar was most frequently affected. Murray and Shaw (1979)... found that
14 per cent of permanent teeth had some enamel opacity; over 70 per
cent of opacities occurred on the buccal surfaces and the most common
opacities were white patches greater than 2 mm. in diameter. Suckling
et al. (.1976) and Akpata and Jackson (1978k also found large white
patches to be. the most common form of defect. Young (1973)-, however,
reported that horizontal white lines were the most commonly occurring
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defect in areas with. a water fluoride level ranging from 0.03 - 5.2 p.p.m.
Young (1973) and Fejerskov et aid (19771 stated that the first signs of
fluoride induced enamel changes appear as fine striae of accentuated
perikymata evenly distributed over the surface. Murray and $haw (19791,
however, found that 2.4 per cent of the children in their study exhibited
horizontal white lines, but none of them had lived in areas where the
drinking water contained more than 0.26 p.p.m. f1uride, nor had any of
them taken fluoride tablets.
Fewer studies have considered the prevalence of enamel defects in
the deciduous dentition. Young (1973) and Coward (1982) reported mouth
prevalences of enamel defects of 8.7 per cent - 9.6 per cent in five-
year-old children living in optimum and low fluoride areas. However,
their data were based solely on the appearance of the deciduous incisors.
A much higher mouth prevalence of 32.7 per cent was reported by Murray
and Shaw (1 979) who used data based on the whole of th deciduous dentition.
2.4 THE 7ETIOLOGY OF ENAL DEFECTS
Over one hundred different. factors have been described which may
be responsible for inducing enamel defects, many of these have been
enumerated by Small and Murray (1978) and Pindborg (1982)-. It is
apparent, however, that many observed defects cannot be assigned to
a specific causal event. Kreshovsr (19601. suggested that abnormal tooth
formation is a generally non-specific phenomenon and can be related to
a variety of local and systemic disturbances; any of which, depending
on their severity and the degree of tissue response, may result in
defective enamel and dentine.
In the past the causes of enamel defects have been divided into
those of genetic and those of enyironmental origin. This is convenient,
but it should be borne in mind that it is also a rather simplistic
approach, foz, as Tanner (1978).. has indicated, growth is the product
of a continuous and complex interaction of heredity and environment.
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Similarly, many defects which have been classified as being of environmental
origin might also have a genetic component.
2.4.1. GENETICALLY DETERMINED CAUSES OF ENAMEL DEFECTS
cenetically determined defects may be confined to the dentition or
they may be part of a complex syndrome in which enamel is only one of a
number of tissues involved.
Defects confined to the dentition - amelogenesis imperfecta
Hereditary enamel defects unassociated with systemic abnormalities
or disease are collectively known under the title of amelogenesis
imperfecta. This term was introduced by Weinmann et al. (l945, who
divided the defects into two types; one characterised by hypoplasia
and the other by. hypocalcification of the enamel. A number of
genetically distinct varieties have been reported since that time,
based mainly on their clinical and radiographic appearance.
Witkop and Rao (1971) reviewed different types of amleogenesis
imperfecta and listed eleven varieties. Winter and Brook (l975
modified this list and produced the following classification:
Hypoplas ia
Type I.
	 Autosomal dominant thin and smooth hypoplasia
with eruption defect and resorption of teeth.
Type II. Autosoma]. dominant thin and rough hypoplasia.
Type III. Autosomal dominant randomly pittea hypoplasia.
Type IV.	 Autosomal dominant localised hypoplasia.
Type V.
	
X-linked dominant rough hypoplasia.
Hypocalci fication
Aulosomal dominant hypocalcification
Hyponiaturation
Type I.
	
X-linked recessive hypomaturation.
Type II.	 Autosomal recessive pigmented hypomaturation.
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Type III. Snow-capped teeth.
Hypomaturation-hypoplasia with taurodontism
Type I.
	 Autçsomal dominant hypomatiiration with occasional
hypoplastic pits and taurodontism.
Type II. Autosomal dominant hypomaturation with thin
hypoplasia and taurodontisin.
The appearance and histopathology of these conditions will be considered
in detail in Chapter 5.
In practice it may be difficult to categorise an individual type
of amelogenesis imperfecta according to the aforementioned classifications.
An association between hypomineralisation and hypoplasia would certainly
appear 139 occir more often than is suggested by the classifications.
Also, only severe forms of genetically determined enamel defects are
well documented and it is possible that less severe forms exist which
cannot be readily classified. tetailed family historfes are necessary
to define the mode of inheritance of a particular type of amelogenesis
iinperfecta and these are often not available.
Defects associated with generalised conditions
Enamel defects have been described in association with a number
of clinical syndromes of genetic origin; these are illustrated in
Table 2.4. There are probably many other genetically determined diseases
in which enamel defects occur and no doubt the extensive literature in
this field will continue to grow as new cases are found and reported.
As may be seen from Table 2.4, in most of the syndromes a characteristic
enamel defect occurs which resembles one of the forms of amelogenesis
imperfecta and is caused by the genetic anomaly. People with other
hereditary diseases, such as phenylketonuria (Meyers et al., 1968). and
Down's syndrome (Cohen and Winer, 1965). may have associated enamel
defects, but in these cases the.
 defects are not specific and do not
always occur. It is probable, therefore, that these defects are caused
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by local or systemic cisturbances unassociated with the underlying
genetic defect. Because of this, these conditions have been listed
under "systemic causes" (c.f. Section 2.4.2). In such cases, it is
feasible that the conditions from which the patients suffer make them
more susceptible to systemic disturbances which could cause the enamel
defects. This emphasises the difficulty which sometimes occurs in
distinguishing between genetically determined defects and those of an
environmental Qrigifl.
2.4.2. ENVIRONMENTAL CAUSES OF ENAMEL DEFECTS
The environmental causes may be divided into local and general,
or systemic, disturbances. Table 2.5 illustrates the wide range
of possible environmental causes.
Local causes
1. Trauma
(i) Mechanical.
a). Injury to the deciduous teeth..
Some of the most well studied enamel defects are those
due to injury to the deciduous teeth. The close anatomical
relationship between the apices of primary teeth and their
developing permanent successors explains why injuries to
primary teeth may cause a disturbance in the formation of
the succeeding permanent teeth. Traumatic injury to the
permanent tooth bud resulting from a blow or fall occurs
mainly in the maxillary and. mandibular incisors • The
abnormal tooth develqpment which results depends n the
degree of development Of the tooth bud, the amount of
resorption of the deciduous root and the intensity and
direction of the blow, and infection. Defects in the crown
only qccur when mineralisation of the crown is
	 completed
at the time of the injury (Rush.ton, 1958).
2:3.
Andreasen et al. (197]J carried out a comprehensive study
of 207 permanent teeth traumatised during development by injuries
to the primary teeth. They classified the developmental
disturbances into a number of distinct entities including:
white or yellow-brown discolourations of the enamel, horizontal
enamel hypoplasia, crown dilaceration, anomalies of the roots
and ectopic, premature or delayed eruption or impaction. In
this and a further study (Andreasen and Ravn, 1971) disturbances
in mineralisation were found to be related significantly to
three independent variables; age at time of injury, the type
of injury and fracture of the supporting bone. They also found
that of 103 patients with 213 traumatised teeth, 88 (.41 per cent)
of the involved permanent teeth showed disturbances in mineralisation
or morphology.
Although there is considerable evicence. to indicate that
trauma to the primary dentition is an important aetiological
factor in the formation of enamel defects, few and conflicting
data exist on the frequency with which this factor operates.
Jackson (.1961) suggested that the high prevalence of mottled
enamel among maxillary central incisors could be caused by
trauma to the preceding primary teeth. In anQther study,
Gerdin (1969a, b) stated that it was not probable that trauma
played an important role in the aetiology of enamel defects.
From a study of Danish children, Andreasen and RaVfl C1973
concluded that 10 pe-r cent of enamel hypoplasias in anterior
teeth were due tQ trauma.
b) Fracture of the jaw.
Traumatic injury to the developing teeth has been
reported in children who suffered jaw fractures in which the
fracture line involved the tooth germs (.Lenstrup, 1955)..
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c	 Gunshot wounds.
Accidental shooting involving the jaw has also
given rise to disturbances in tooth formation. Pindborg
(197O reported defects in the hard tissue formation of a
number of incisors in a man who had been accicenta1ly shot
in the jaws at the age of 4.
d)	 Surgery.
In an Australian study, Williamson (1966). 6emonstrated
that extractions of deciduous molars may be a factor in
the production of enamel defects in developing premolars.
However, it is difficult to distinguish between the effects
Qf the extractions and the effects of the underlying infection
in the deciduous molars, children with repaired cleft palates
have been shown to have high prevalences of enamel defects
in deciduous and permanent teeth (Dixon, 1968). It has
been suggested that these defects might be due to trauma
t9 the developing teeth during surgery.
e). Ritual mutilation.
An unusual tribal mutilation, causing a severe disturbance
in tooth development, has been observed in Uganda (Pindborg,
1969). Among 322 members of the Acholi tribe in northern
Uganda, 16 per cent showed developmental disturbances of the
permanent canines. The abnormalities appeared to be related
to the ritual extraction of the primary canines, due to a
belief that infantile fever originated from these teeth.
(i_i) Electrical.
Electric burns have reportedly caused defective enamel
formation an6 extreme].y short roots. Alexander (.1964).. reported
on the case of a 21-year-old man who had composite dysplasia
of a single toOth., apparentLy caused by an electriQ burn thith
he had suffered at the age of 16 months when he bit en electric o,ttlst cord,
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(iii) Irradiation.
Irradiation of the head and neck area at an early age
has been reported as interfering with the development and
eruption of teeth (Pindborg, 1970).. Weyinan (.1968). reported
on a girl who had received a single application of siperficial
x-radiation of 400r at the age of 5 months for a congenital
naevus on the left lip. On eruption, a number of teeth,
mainly on the left, were found to have enamel defects.
2.	 Local infection
Ci) Peripica1 periodontitis.
A long-standing periapical periodontitis on a primary
tooth has often been reported as causing damage to the
corresponding permanent tooth. Turner (1905) was one 9f
the first workers to report such an anomaly, which is often
called a "Turner tooth"d Be described a "necrosed and cast
off bicuspid which was dead and septic when extracted and
there was a chronic abscess on the temporary molar". At
the same meeting it was recorded that Dolamore (1905). had
observed a similar phenomenon: "To the London Hospital came
a number of waifs and strays who were allowed to go their
own way, and in them could be seen the effect of untreated
complaints in a very 'marked way. He had seen cases exactly
similar to those shown by Mr. Turner, necrotic bicuspids
cast out and lying on the gum".
Only a few longitudinal surveys.have been performed
tp determine how often a periapical lesion may be responsible
for harming the permanent successor. In a sample of 452
6 - 8-year-old Negro children in Birmingham, Alabama, radio-
graphs showed that 60 per cent had rarefaction of bone in at
least one periapical. area.. Eighty-two teeth which were severely
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abscessed were regularly exazie iantil they were exfoliated
and it was found that th. incidence of the damage to the
permanent successors was 23 per cent. The corresponding
damage in a group of controls was only 4 per cent. The
lesions consistec partly of enamel opacities and partly
of missing enamel (McCormick and Fi].ostrat, 1967k.
(iii Acute osteomyelitis.
A local jaw infection which is much more extensive
than apical periodontitis is acute neonatal maxillitis,
which occurs in infants during the first few weeks of
life. As a result of this disease some of the primary
teeth may either show arrest of formation or develop into
Turner teeth (Pindborg, 1982)...
3. Ankylosis of primary teeth
Rule et al. (.1972).. found that enamel defects occurred on the
teeth of children withankylosis of primary molars more frequently
than on the teeth of children without ankylosis. Weiss (.1963)
reported some evidence to suggest that some cases of "white spots"
on permanent incisors may be caused by the retention of their
primary predecessors which do not resorb at the normal rate.
General or systemic causes
Enamel hypoplasias formed in utero are called prenatal, whereas
those arising in association with birth or during the first month of
life are called neonatal, and later-forming hypoplasias are termed
postnatal. Clinically it may be difficult to decide whether enamel
hypoplasia in a primary tooth is of prenatal or neonatal origin
because the involved teeth are often affected by decay or fractures
of enamel.
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Prenatal causes
1.	 Infection
(1) Rubella.
It is of interest to consider rubella specifically
because it has been shown to have a teratogenic effect
during early pregnancy. The organs most affected are the
eyes, ears and heart, Disorders of dental development have
been described, but there have been some conflicting
findings (.Pindborg, l97O. In an Australian sample of
children with teratogenic changes due to rubella, it was
found that 20 per cent had hypoplasia in the primary teeth;
a higher percentage than in a similar group of "normal"
children (Evans,
	 Similarly, Guggenheimer et al.
(197U studied 14 children whose mothers had rubella during
pregnancy. Twelve had enamel hypop].asias invplving 29 per
cent of the erupted primary teeth. The children who were
infected during the first 6 weeks of intra-uterine development
had the greatest severity and prevalence of defects. In a
Swedish study, however, no enamel defects were found in a
group of 550 children whose mothers had had rubella in the
first 4 months of pregnancy (Lundstrom et al., l962. The
narked difference between the findings in Australia and Sweden
may be explained by the fact that the Australian sample consisted
of children with known teratogenic changes, whereas the study
in Sweden was based on children whose mothers had had rubella.
(ii). Syphilis.
The triad described by Hutchinson (1857) as being
pathognomonic for congenital syphilis consisted of: diffuse
interstitial keratitis, disease of the labyrinth and Hutchinsonian
pernanent maxillary central incisors. After Hutchinson's
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description it was recognised that changes may occur in
other permanent incisors, canines and first molars. En
addition, hypoplastic primary incisors, and canines have
been reported in children with congenital syphilis (Pindborg,
1970).
2.	 Chemical
(i) Thalidomide.
The intake of thalidomide to prevent nausea during
pregnancy has been shown to cause severe malformations in
the foetus consisting primarily of defective development
of the extremities. In a Swedish sample of 39 children
with thalidomide emb±'opathy, 49 per cent were found to
have enamel hypoplasia of the primary teeth; a high
percentage when compared with control groups (Axrup et al.,
1966). Other investigators, however, have questioned whether
thalidomide per se causes changes in the tooth structure and
suggest that the dental changes are in fact secondary to
extensive haemangioinas of the lips (Pindborg, 1970).
(iil Tetracycline.
This is dealt with more fully under "Postnatal causes"
(page38 ). However, both animal and human clinical studies
have shown that tetracyclines do cross the placental barrier
and produce a yellow-brown pigmentation of the deciduous teeth
in the offspring (Bevelander et al., 1961; Harcourt et al.,
19621.
(iii) Fluoride.
Fluorosis is considered in detail under "Postnatal causes"
(page 39 ). In the primary dentition, dental fluorosis is
generally reported as being less severe than in the corresponding
permanent dentition. This difference in severity has been
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attributed to a. placental barrier to fluoride, to the shorter
duration of enamel formation and maturation of primary teeth
or to the thinner enamel (M$ller, 1982). There is some
controversy, however, as to whether or not fluoride does
cross the placenta. Forsman (1974) found that in an area
with 5 p.p.m. of fluoride in the water supply in Sweden, the
degree of fluorosis in primary teeth was highest in those
children whose mothers had spent their pregnancy in a high
fluoride area and/or had previously lived in a high fluoride
district. In an older investigation, Inouff et al. (l936)
presented some evidence that extremely high ingestion of
fluoride over a long time might result in increased deposition
even in the foetus and Armstrong et al. (1970) found that at
birth the blood of the newborn seems to have the same fluoride
content as the maternal blood. Findings from. ForsmarL 'S
investigations lend support to these concepts (Forsmai , 1974k.
3.	 Maternal deficiency states
(ii Maternal hypoxia.
Via et al. (.l959 found that in rats the foetus was most
susceptible to acute maternal hypoxia late in the gestational
period. One out of three litters which were subjected to
hypoxia on the twentieth day of pregnancy showed disruption
of amelogenesis.
(ii) Maternal anaemia
Kreshover et al. (1958) studied a series of 35 babies
ranging in age from premature stiliborns to 2 months all
the babies died. One baby whose mother had hypochromic,
normocytic anaemia was found on postmortem, in addition to
a number of medical abnormalities, to have a "characteristic
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type of abnormality in all the deciduous teeth".
(iii) Maternal vitamin A deficiency.
Mellanby (1941) found abnormally shaped incisors and
molars and retarded tooth development in the young of rats
that had been maintained on vitamin A deficient diets for
prolonged periods prior to breeding. No evidence has been
reported, however, of enamel defects in children born of
mothers with vitamin A deficiency.
(ivy Maternal vItamin D deficiency.
Mellanby (1929), working with dogs, showed that the
intake of calcifying factors by the mother had a marked
effect on the structure of those teeth of the young puppies
which calcified before birth or during lactation. When a
defective diet was given to the young, the effects were less
severe if the mother had received ample vitamin D than if
the mother had been deprived of the vitamin during pregnancy
and lactation.
Purvis et al. (1973) studied 112 infants with neonatal
tetany and they found that 63 (.56 per cent later showed
severe enamel hypoplasia of the deciduous teeth. flistological
examination of the affected teeth showed a prolonged disturbance
of enamel formation in the three months prior to birth. The
authors demonstrated an inverse relationship between the mean
daily hours of bright sunshine in each calendar month and the
incidence of neonatal tetany three months later. This, it was
suggested, showed that the enamel hypoplasia and the neonatal
tetany were a manifestation of vitamin D deficiency during
pregnancy and were most likely due to the secondary hyper-
parathyrQidism which resulted in the mother. Their findings
have been challenged by Stimmler et al. (.1973a), however, who
maintained that the enamel defect was postnatal (.c.f. "Neonatal
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causes", page 33).
4. Other maternal illnesses
Via and Churchill (1959), in a study of the relationship between
enamel hypoplasia and abnormal events of gestation and birth, suggested
toxaemia of pregnancy and maternal diabetes as factors which might cause
enamel hypoplasia in the deciduous dentition. Their study, however,
investigated a large number of abnormal factors of pregnancy and
childbirth on only a relatively small number of children and therefore
the results may not be regarded as evidence that any particular abnormal
factor causes enamel hypoplasia, but rather than an upset during pregnancy
or birth might result in a disturbance of enamel formation. Xn a
clinical investigation of children of diabetic mothers, Grahnn and Edlund
(1967) found the frequency of both prenatal and postnatal enamel hypoplasia
of deciduous teeth to be high.
5. Congenital allergy
Rattner and Myers (i962 found a relationship between children
with severe allergies and ameloblast metabolism. They examined 45
children with congenital allergies and found 26 with enamel hypoplasia.
The enamel lesions were loca].ied in the occlusal third of the deciduous
cuspids and first molars. They timed this onset to the last trimester
of gestation.
Neonatal causes
1. Birth trauma
(i) Prematurity.
Stein (1947 recorded that of 16 children born prematurely
9 showed enamel hypoplasia of the deciduous incisors, In a larger
study, Miller and Forrester (1959). reported on the dental condition
of a group of 90 premature children. They found severe enamel
hypoplasia in 12 children who showed signs of kernicterus and in
a further 9 children who showed no evidence of kernicterus. In
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addition, they found a high incidence of mild hypoplasia in many
of the other premature children. Similarly, a study of 64 2-year-
old survivors of preterm births showed that 45 per cent of the
children had enamel hypoplasia (Rosenstein, 1974).
Ui) Abnormal labour and childbirth.
Via and Churchill (1959) studied the medical and dental
conditions of 312 children. The authors were particularly
interested in studying abnormal birth factors which included:
rhesus incompatability, maternal diabetes, toxaemia, prematurity,
breech presentation, twinning, Caesarian section, excessive labour,
inter-partum haemorrhage and placenta previa and poor respiratory
response at birth. Enamel hypoplasia and one or more of the
abnormal factors occurred in 93 of the children. 219 of the
children had some form of cerebral disorder.
2. flaemolytic disease
A number of prenatal and neonatal hypoplasias and discolourations
are due to neonatal haemolytic anaemias, most often in conjunction with
erythroblastosis foetalis. This association was first proposed by
Thursfield (19l2, who described a characteristic green pigmentation
of the teeth; further cases have since been recorded (Losch et al.,
1940; Marsiand and Gerrard, l953. Solyga (.l97O studied 94 children
with neonatal haemolytic anaemia of whom 89 cases were due to Rh-
incompatability. They found 30 per cent with enamel hypoplasia and
35 per cent with discolouration of the teeth. Severe haemolytic
disease of the newborn is often associated with kernicterus. An
association between kernicterus and dental changes has also been
described. Miller and Forrester (.l959, in a study of the dental
condition of a group of children who had suffered from haemolytic
disease of the newborn, found that 13 of the children who had suffered
from kernicterus had a characteristic enaie1 hypoplasia of the deciduous
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canines which appeared to be pathognomonic of kernicterus and could
be detected by radiography before the teeth erupted. Green staining
of the teeth was observed in a further 7 children and associated
enamel hypoplasia in only one case.
3. Neonatal hypocalcaemia
A number of workers have reported finding enamel hypoplasia
of the deciduous teeth of children who suffered from neonatal
hypocalcaemia (Stimmier et al., 1973b; Purvis et al., 1973; Levine
and Keen, 1974). Serum calcium levels in the newborn infant are low
compared with the adult, but in some infants symptoms of hypocalcaemia
have been seen, consisting of irritability followed by clonic convulsive
movements. The majority of infants with symptoms of this type were
found to have been fed on a cow's milk preparation with a high phosphate
content during the first few days after birth (Levine and Keen, 1974).
In the years 1966 to 1970, when feeding on evaporated milks was frequent,
the incidence of such symptomatic hypocalcaemia was 0.5 per cent to 1
per cent of all hospital deliveries (Keen, 1969; Brown et al., 1972).
In addition, there appeared to be a seasonal variation in the incidence
with a peak in the spring (Purvis et al., 1973). Stimmier et a].. LL973a)
found no hypocalcaemic symptoms, or any child with enamel lesions, if
they were totally breast fed in the first week of life.
Histological examination of the enamel defects found in children
who had had neonatal hypocalcaemia led Purvis et al. (1973) to suggest
that the condition might be produced by vitamin D deficiency during
pregnancy, aggravated by the reduced exposure to sunlight during the
winter months (c.f. "Prenatal causes", page 30 ). These workers claimed
that their findings of a prenatal disturbance of enamel supported their
theory. Their findings, however, were challenged by Stiinmler et a].. U973a)
who maintained that the enamel defects were postnatal. Similarly, Levine
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and Keen (1974) in a histologic and microradiographic study of 25 shed
deciduous teeth from affected children found consistent evidence for
a deficiency of postnatal enamel and a brief neonatal disturbance pf
dentine. They concluded that the systemic disturbance reached a peak
during, or was confined to, the neonatal period and that it produced
a localised disruption of amelogenesis which resulted in the observed
defects.
4. Neonatal asphyxia
Grahnn et al. (1969). studied 102 two to three-year-old children
who had had intrauterine or neonatal asphyxia and 56 sex and age
matched controls. They showed that enamel hypoplasia of the primary
teeth tended to be more common in the asphyxia group, but the
difference was not statistically significant.
5. Neonatal infection
Kreshover et al. (1958) were able to correlate dental defects
of apparently neonatal and postnatal onset with nieningitic and
respiratory infection in a small number of babies who ie4 soon
after birth.
Postnatal causes
1. congenital abnormalities
(i). Congenital defects in the bile duct.
Discolouration of the primary teeth by green bile pigments
has been reported in children with congenital defects in the bile
duct (Pindborg, 1970)..
(jii) Congenital heart disease.
In a Finnish study of 386 children with cyanotic and
acyanotic congenital heart disease, it was found that the
cyanotic children had a significantly higher prevalence (17
per cent), of enamel hypoplasia than both the acyanotic children
(.4 per cent), and a group of 277 hospitalized children (3 per cent).
with no cardiac symptoms (Hakala, 1967)..
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(iii) Down's syndrome.
One of the most frequent chromosome abnormalities is
Down's syndrome, or tisomy 21. It is characterised by mental
retardation, stunted growth, poor development of the bridge of
the nose and an oriental slant to the eyes. In addition, there
may be macroglossia, a high arched palate and microdontia.
Cohen and Winer (1965) studied 168 children with Down's syn3rome.
They found that 32 per cent had enamel hypoplasia, 18.5 per cent
white spots and 1.8 per cent tetracycline staining. The authors
reported that prenatal hypoplasia was found with less frequency
than postnatal hypoplasia and suggested that the defects might
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be due to infections and other diseases occurring during odonto-
genesis in early infancy. Similar conclusions were reached by
Johnson et al. (1965). who studied the arrest lines in the teeth
from children with Down's syndrome. They suggested that in Down's
syndrome a series of developmental disturbances occurs throughout
foetal life and after. These findings agree with the suggestion
made in the earlier discussion that children with Down's syndrome
might be more susceptible to systemic upsets which could lead to
disturbances in enamel formation, rather than enamel defects being
part of the syndrome itself (c.f. Section 2.4.].)..
(iv) Unilateral facial hypoplasia.
The most common dental changes associated with this
congenital defect are hypodontia and microdontia (Pindborg, 1982.
Cases have been reported, however, with associated enamel hypoplasia
(Gibbard and Winter, 1972)..
2. Inborn errors of metabolism
Ci) Phenylketonuria.
This autosomal recessive condition is characterised by mental
retardation and the presence of abnormally high levels of normal
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metabolites of phenylalartine in the body fluids (Pindborg, 1982).
The prevalence of enamel hypoplasia has been found to be significantly
higher in patients with phenylketonuria compared to mentally retarded
patients without this condition (Meyers et al., l968.
(ii Erythropoietic porphyria.
In this inborn error of metabolism haematoporphyrin circulates
in the blood and is found in excessive quantitities in the urine and
almost all tissues, especially the teeth and the bones. The teeth
are normal in form, but show a pinkish-brown colour and exhibit
red fluorescence under ultraviolet light. In addition, the
perikymata are very pronounced (Rayne, 1967).
3. Infectious diseases
Because of the epithelial origin of the ameloblasts, the
exanthematous childhood diseases have been suggested as causative
agents of enamel hypoplasia. No proof for this postulate, however,
has ever been given and it is unlikely that there is any positive
correlation. Measles, scarlet fever, chickenpox, smallpox, and
other similar diseases have been shown to occur veryinfrequently
in the early period of life in which most cases of hypoplasia have
been said to occur (Giro, l947. Sarnat and Schour (1942). demonstrated
the relatively unimportant role of the exanthematous diseases in the
production of enamel hypoplasia. Similarly, Wilson and Cleaton-Jones
(1978) were not able to show any correlation between enamel mottling
and the infectious exanthemata., Pindborg (1970), however, has pointed
out that it cannot be excluded that a child's general resistance may be
so low, and the disease so severe, that enamel hypoplasia may occur.
4. Vitamin deficiencies
Ci) Vitamin A deficiency.
Vitamin A is necessary for the growth and maintenance of
the integrity of the mucous membranes. It has been thought to
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play an aetiologic role in enamel hypoplasia, but so far it has not
been possible to correlate the time of onset of xeropthalmia with the
chronology of enamel hypoplasias (Pindborg, 1970). Sweeney et al.
(1969), in an epidemiological investigation of linear hypoplasia in
maxillary deciduous incisor teeth, found that all the affected children
had been born with low serum-vitamin A levels and there was also an
association with early infantile illness. Pindborg (1982). commented
on the difficulty in distinguishing between nutritional deficiencies
and systemic illnesses as the cause of linear hypoplasia.
(ii) Vitamin C deficiency.
Some of the basic roles of vitamin C are to promote the formation
of collagen fibres and maintain the specialised function of osteoblasts
and odontoblasts. There has been some discussion as to whether vitamin C
causes any changes in the dental hard tissues of humans. One case has
been reported of a 10-year-old girl, who had been given a vitamin C
deficient diet continuously since birth. The girl presented with
hypoplastic enamel of all her teeth, with irregular pits over the
enamel surface (Farmer and Lawton, 1966).
(iii) Vitamin D deficiency.
The effect of vitamin Dis exerted on the absorption of calcium
and phosphorus from the intestinal tract. Vitamin D deficiency causes
rickets in children and ostemalacia in adults. Although there is evidence
that vitamin D deficiency causes impaired mineralisation and, in some
cases, impaired matrix formation of the dentine, there is less agreement
about the effect of such a deficiency on enamel (Jenkins, .1970).
Mellanby (.1929) found that the enamel of vitamin D deficient dogs
tended to be thinner than normal and the surface was irregular and pig-
mented. Following this work on vitamin D deficiency th animals, Mellanby
(1934) conducted a study on the incidence and histology of hypoplasia in
human teeth and its relation to the susceptibility of the teeth to caries.
The resemblance between the characteristics of human hypop].astic teeth
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and of the teeth of vitamin D deficient dogs was striking and led
Mellanhy to the hypothesis that hypoplasia of human teeth was also
caused by vitamin D deficiency. Mellanby's conclusions, however, are
controversial and many points remain unsettled. Jenkins (1970) suggested
that if MellanJDy's hypothesis was true, it might be expected that the
incidence of rickets would be comparable with that of hypoplasia, but
even in the 1920's when Mellanby conducted her research, the incidence
of severe rickets was much. lower than that of severe hypoplasia. A number
of more recent studies have investigated the relatiQnship between the
incidence of rickets and enamel hypoplasia.
Sarnat and Schour (1941, 1942) studied sixty individuals with gross
enamel hypoplasia. Ten of these subjects gave a clinical history of
rickets indicating a period of vitamin D deficiency which was probably
responsible for the enamel Kypoplasia. Grahnn and Selander (1954 found
symmetrical enamel hypoplasia of deciduous teeth in only 27 per cent of
children who had clinically verified infantile rickets. When tetany
occurred during the period of active rickets, however, the prevalence of
enamel hypoplasia increased to 73 per cent of affected children.
Nikiforuk and Fraser (1979) reported a high prevalence of enamel hypoplasia
among children with-vitamin D dependency rickets. These authors suggested
that it was due to hypocalcaemia caused by a disturbance of caloiuzn and
phosphate metabolism.
It may be concluded, therefore, that severe vitamin D deficiency
may cause enamel hypoplasia in susceptible individuals, but enamel hypo-
plasia is not itself an indication of vitamin D deficiency.
5.	 ChemIcal
(_i)_ Tetracycline.
The first report that tetracyclines might caus. discolouration of
teeth if given during the formative period was published in 1956
(Schwachman and Schuster, 1956)., about eight years after the introduction
of this group of antibiotics. The stage of odontogenesis when the
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tetracycline was administered determines the location and distribution
of the staining. Discolouration of the teeth depends on the dose, time,
length of administration and homologue of the tetracycline employed
(Bridges et al., 1969).. The discolourations may be divided into three
groups (Weyman, 1965):
a) a grey-brown colour, usually caused by chiortetracycline,
b) a yellow colour, often caused by oxytetracycline,
dimethylchlortetracycline and tetracycline,
c).. a brownish clolour, whicK Is rare and very like the Mageing
of the yellow stain.
Under the influence of sunlight the yellow-brown colours change into
grey-black tones. The severity of the pigmentation is related to the
highest dose administered per kilogram of body weight (Wailman and Eilton,
1962). The discoloured areas show typical bright yellow fluorescence
in ultraviolet light which contrasts with the blue fluorescence of normal
teeth. As the teeth become brown after exposure to light, the fluorescence
progressively declines (Wllman and Iilton, 1962)..
A number of workers have reported enamel hypoplasia in individuals
who had been given tetracycline (Bakala and Makela, l963p Brearly et al.,
1968), but it is questionable whether the enamel hypoplasia is in fact due
to the tetracycline, or, more probably, the illness for which the
antibiotic was administered.
(ii). Fluoride.
Endemic dental fluorosis is a specific disturbance of tooth
formation caused by excessive intake of fluoride during the
formative period of the dentition. The manifestations of this
foriu of chronic fluoride intoxication depend upon the amount
ingested, the duration of exposure and the age of the subject
(N1ler, 1982).. Clinically, dental fluorosis is characterised
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by lustreless, opaque white patches in the enamel which may
become striated, mottled and/or pitted. The affected teeth
may show a pronounced accentuation of the perikymata and in
more severe cases, multiple pits and larger areas of enamel
hypoplasia may cause the normal morphology of the tooth. to
be lost (Dean, 1934; M$ller, 1965, Murray and Rugg-Gunn, 1982).
One of the earliest reports on endemic fluorosis was
written by Kuhns (1888)., who reported such cases in areas
of Mexico. Similarly, Eager (1901) described the condition
in immigrants from Naples in Italy. A little later Black (1916)
and McKay (19l6a). reported on the "mottled enamel" found in the
inhabitants of Colarado Springs. As he continued his investigations
into this phenomenon McKay began to receive reports of the condition
occurring in other areas of the U.S.A. (McKay, 1916, b, c, d).
Gradually, McKay came to link- the enamel defects with an unknown
constituent in the water supply (McKay, 1916b, 1918, 1925; Kempf
and McKay, 1930).. A similar theory was put forward by Ainsworth
(1928, 1933). who carried out a study Qf mottled teeth among
children in Maldon, Essex. It was not until 1931, however, that
their theories were proved correct and fluoride was identified
as the causative factor in mottled enamel, by chemical analysis
of water from endemic areas (hurchil1, 1931) and by laboratory
experiments (Smith et al., 1931)..
Dean continued the pioneering work of McKay in the U.S.A.
and he showed conclusively that the severity of mottling
increased with increasing fluoride concentration in the drinking
water (Dean and Elyove, 1936; Dean, 1936).. In addition, on the
basis of earlier reports that teeth with dental fluorosis were no
more susceptible to decay than normal teeth, Dean con6ucted
extensiye epidemiologi.cal studies which showed an inverse
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relationship between the severity of dental caries and the
fluoride content in the drinking water (Dean, 1938; Dean et
al., 1942)..
Ciii). Lead.
Lawson et al. (1971).. suggested that paediatrio lead
poisoning might be a factor in unexplained pitting hypoplasia.
Their data was from a very small sample, however, and was not
statistically significant.
(iv) Strontium.
In a study of schoolchildren in 7 towns in Wisconsin,
U.S.A., enamel mottling was found to increase in prevalence
and severity as strontium concentrations in community drinking
water increased. This trend held for ].ifelong residents only,
and coula not be demonstrated among children who immigrated
to the towns after one year of life (urzon and Spector, 1977)..
(y). Vitamin D intoxication.
Pindborg (1970) reported a case of "acute" enamel hypop].asia
in a 16-year-old male who received, by accident, at the age of
18 months, 120,000 i.u. vitamin D daily for 2 weeks. The location
of the enamel hypoplasia corresponded well to the time of excessive
intake of vitamin D. Experimentally, a single injection of
450,000 i.u. vitamin D2
 (irradiated ergosterol). was found to
produce marked pathologic pulp calcifications and hyperinineralisation
of the enamel matrix and alveolar bone in and around the tooth germs
of young dogs (Becks et al., 1946)..
6. Endocrine disorders
(i) Hypothyroidism.
In a study of 33 hypothyi'oid children, 80 per cent had
enamel hypoplasia involving both the primary and permanent
teeth (Andersen and Hoist, 1959).,
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(ii). Hypoparathyroidism.
The hormone secreted by the parathyroi glands plays an
important role in the metabolism of calcium and phosphorus and
also thereby in the mineralisation of the teeth. During hypo-
function of the parathyroid glands, the level of calcium
decreases whereas the serum phosphorus increases. The patients
exhibit increased neuromuscular excitability and frequenb seizures
may be observed. Hypoparathyroidism is most often seen frcn the
age of 6 months to 2 years and the teeth under development in that
period may show hypoplasia (Pindborg, 1970). Nikiforuk and Fraser
(1979). found that 15 of 21 children with hypoparathyroidism had
severe enamel hypoplasia, but none had intergiobular dentine.
These patients were hypocalcaemic and hyperphosphataemic. After
studying patients with hereditary vitamin D resistant rickets and
X-linked hypophosphataemia, the authors formulated a unifying
hypothesis that enamel hypoplasia occurs in disturbances of calcium
and phosphorus homeostasis caused by hypocalcaemia and ,tnterglobular
dentine is caused by hypophosphataemia.
(iii). Hypogonadism.
Brucker (1943). noted excessively defective calcification of
the enamel in the upper second incisors and canines of children
afflicted with deficient secretory activity of the gonads.
7.. Gastro-intestinal disorders
In a Danish sample of 141 children with episodes of non-specific
diarrhoea, 23 per cent had enamel hypoplasia of the permanent teeth,
whereas in a control group of healthy children only 15 per cent had
hypoplasia. In 31 per cent of the children with enamel hypoplasia
it was possible to demonstrate coinotdexce b.twen'th. chronology of
enamel hypoplasia and the course of the gastro-intestinal disease
.Lindemann, 1958). More recently, a number ct cases hay, been reported
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of children with coeliac disease who had associated hypoplastic
teeth (Pindborg, 1970; Smith and Miller, 1979; Rasmussen and
Espelid, 1980).
8. Neurological disorders
Studies have shown a higher prevalence of enamel hypoplasia
among children with cerebral palsy than among those in control
groups (Via and Churchill, 1959; Herman and McDonald, 1963k. A
study of 215 children from a neurological clinic demonstrated that
enamel hypoplasias were me common (52 per cent) in neurologically
impaired children compared with neurologically normal children (.29
per cent) referred to the same clinic (Cohen and Diner, 197O. A
number of neurological conditions are due to birth trauma or blood
type incompatability and it is probably these underlying causes which
are responsible for the enamel defects rather than the neurological
disturbances themselves.
9. Nephrotic syndrome
Oliver et al. (1963), in a sample of children with the nephrotic
syndrome characterized by intermittent oedema, proteinuria, low
concentration of certain plasma proteins and hyperlipemia, found
that 36 showed hypoplasia of the permanent teeth. In a smaller
sample of 24 children, Shusterman and Fellers (1969) found 33 per
cent with linear hypoplasia and 33 per cent with areas of hypo-
calcification of the permanent teeth.
10. Other diseases
Any disease which occurs whilst the teeth are forming may cause
enamel defects if the disease is severe enough and/or the child's
resistance is low. Enamel hypoplasia caused by systemic illnesses
is often termed chronological hypoplasia because the position of the
defects on the teeth reflects the time at which the illness occurred.
Although such a large number of conditions may be enumerated as
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causing enamel defects, it is apparent that in many cases, particularly
where mild defects are concerned, no aetiology may be determined. Also,
the variable, and often ill-defined criteria used in many of the studies
make inter-study comparisons difficult. There is a need, therefore, for
more studies, using well-defined criteria, to investigate further the
aetiology of enamel defects. The present study aimed to provide base-
line data on the prevalence of developmental enamel defects in the
permanent dentition, in a sample of school-children living in a low
fluoride area. Following the prevalence study, a family study sought
to investigate the aetiology of the different types of enamel hypoplasia
found in members of the sample.
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TABLE 2.1. TWO CLASSIFrCATIONS OF ENAMEtI DEFECTS
YOUNG (1973)
Class	 Description
0	 Normal appearance.
1 White flecks - areas of
enamel not greater than
2 mm. in any direction.
2	 Coloured flecks - same
as white flecks, but
usually shades of yellow
or brown.
3	 White patch or patches
- opaque white areas
greater than 2 mm. when
measured in any direction,
well demarcated from the
surrounding enamel,
AL-ALQUSI ET AL. (197 5-
Type	 Description
A
	
White areas Less than
2 mm. in diameter.
B White areas of, or
greater than, 2 mm.
in diameter.
C	 Coloured (brown) areas
less than 2 mm. in
diameter, irrespective
of there being white areas.
D	 Coloured (brown) areas
of, or greater than,
2 mm. in diameter,
irrespective of there
being any white areas.
4	 CQloured patches - outline 	 E
and form same as white
patches, but also
coloured, usually varying
shades of yellow or brown.
Horizontal white lines,
irrespective of there
being any white non-
linear areas.
5	 Spaced white lines -
these are seen as fine
opaque white lines in
the enamel surface,
usually running in a
direction parallel to
the incremental lines
of the enamel. Ill-
defined areas of chalky
white appearance are also
seen on occasions.
6	 As for Class 5, but
associated with hypoplasia.
7	 Dense coloured lines - a
mixture of white lines,
opaque white and coloured
areas. The lines are often
difficult to distinguish
from the diffuse and defined
areas.
8	 As for Class 7, but
associated with hypoplasia;
F Coloured (brown) or
white areas or lines
associated with pits
or hypoplastic areas.
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TABLE 2.2. THE F.D.I. CLASSIFICATION OF ENAMEL DEFECTS (F.D.I., 1982)
1.	 ypes of Defect
Normal
Opacity (white/cream)
Opacity (yellow/brown)
Hypoplasia (pits).
Hypoplasia (grooves: horizontal)
Hypoplasia (grooves: vertical)
Hypoplasia (missing enamel)
Discoloured (not associated
enamel	 with. opacity)
Other defects
Combination of defects
2. Nuiber and demarcation of defects
Single
Multiple
Diffuse, fine white lines
Diffuse, patchy
3. Locations of defects
Gingiva]. one-half
Incisal one-half
Occiusal
Cuspal
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DISEASE/SYNDROME
Chondroectoderma].
dysplasia (Ellis-
Van Creveld
syndrome)
Ehiers-Danlos
syndrome
Epidermolysis
Bullosa
Lethal and
clystrophic forms
Hypoplastic -
hypocalcified
enamel,
onycholysis and
functional
hypohidrosis
Lipoid protei.nosis
(Urbach-Wiethe
disease)
Mucopolysacchar-
idosis IV
(Norquio-ullrich
syndrome)
ENAMEL DEFECT
Fine pitted
hypoplasia
REFERENCES
Gor].in et al.
(1976).
Winter and
Geddes (1967)
Pitting
Iypoplasia
Thin, hypo-
plastic enamel
which might
also be hypo-
mineralised
Lever (1954)
Mviii et al.
(1965)
Witkop & Rao
(.1971)
Witkop et
al. (1975)
Severe enamel
	
Witkop and
hypoplasia	 Rao (1971)
Resembles the
autosomal
dominant
rough form
of amelo-
genesis
imperfecta
Gor].in et
al. (1976)
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TABLE 2.4. ENAMEl., DEFECTS ASSOCIATED WITH GENERALISED HEREDITARY CONDITIONS
MAIN CHARACTERISTICS
Autosomal recessive.
Dwarfism, hidrot.tc
ectodermal dysplasia
and congenital heart
disease
Autosomal dominant.
Connective tissue
disorder, hyperelastic
skin wounds and loose
jointednes a
Autosomal recessive.
Marked tendency to
epidermal bulla
formation
Autosomal dominant.
onycholysis, seborrheic
dermatitis of the
scalp, xerosls and
functional hypo-
hidrosis
Autosomal recessive.
Disturbed mucopoly-
saccharide metabolism,
or alteration in
lipoprotein metabolism.
Solitary, or clustered,
yellowish-white, waxy
nodules develop on
skin, intracranial
calcification may
also occur. Con-
genital absence of
teeth.
Autosomal recessive.
Keratin sulfate in
the urine, universal
platyspondyly with
resultant dwarfism,
cornea], clouding,
progressive spinal
deformity and dental
abnormalities
Enamel hypop].asia Barabas (1969)
Pindbog (1982)
REFERENCES
Gor].in et al. (l963
Reisner et al.
(1969)
Pindborg (1970)
P seudohypo-
parathyroidism
Trichodento-
osseous syndrome
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TABLE 2.4 CONT.
DISEASE/SYNDROME	 MAIN CHARACTERISTICS ENMEL DEFECT
Oculodentodigital	 Autosomal dominant.	 Resembles the
dysplasia	 Thin nose, hypoplastic autosoinal
alae, micropthalmus, smooth hypo-
and iris anomalies,	 plastic form of
Syndactyly and	 amelogenesis
comptodactyly of the imperfecta
4th and 5th finger
X- linked. Unrespon-
siveness of target
cells n bone and
kidney to parathy-
roid hormone. Round
facies, short digits,
extraosseous cal-
cifications, and
hypocalcaemia
Depends on the
age at which
the child
develops the
chemical changes
associated with
the condition.
In females the
enamel is of
normal thick-
ness with gross
pitting and in
males the enamel
is very thin and
pitted
Witkop (1966)
Witkop and
Rao (1971)
Thin, pitted,
hypotnineralised
and hypoplastic
enamel
Robinson et al.
(1966)
Autosomal dominant.
Cortical osteo-
sclerosis, tight,
curly hair, thick
corriified or
splitting nails,
taurodont teeth
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TABLE 2.5. ENVIRONMENTAJ CAUSES OF ENAMEL DEFECTS
A.	 Local causes
1. Trauma
(i)	 Mechanical
a). Injury to deciduous teeth
b) Fractures of the jaw
c) Gunshot wounds
d). Surgery
el. Ritual mutilations
(ji Electrical
(iii) Irradiation
2. Local infection
(i). Periapical periodontitis
(ii) Acute osteoxnyelitis
3. Ankylosis of primary teeth
B. General or systemic causes
Prenatal causes
1.	 Infections
(1) Rubella
(ifl Syphilis
2.	 Chemical
Ci). Thalidomide
(ii). Tetracycline
(iii) Fluoride
3. Maternal deficiency states
(i Hypoxia
(iii Anaemia
(iii).Vitamin A deficiency
(iv).Vitamin D deficiency
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4. Other maternal illnesses.
5. Congenital allergy.
Neonatal causes
1. Birth trauma
(i) Prematurity
(ii). abnormal labour and childbirth
2. flaemolytic disease
3. Neonatal hypocalcaemia
4. Neonatal asphyxia
5. Neonatal infection
Postnatal causes
1. Congenital abnormalities
(i) Congenital defects in the bile duct
(ifl Congenital heart disease
(iii)- Down' s syndrome
(iv) Unilateral facial hypoplasia
2. Inborn errors of metabolism
Ci) Phenylketonuria
(iii Erythropoietic porphyria
3. Infectious diseases
4. Vitamin defiöiencies
(i Vitamin A deficiency
(ii) Vitamin C deficiency
(iii) Vitamin D deficiency
5.	 Chemical.
CL) Tetracycline
(ii) Fluoride
(iii) Lead
(iv Strontium
Cv) Vitamin D intoxication
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6. EndOcrine disorders
(i Hypothyroidism
(ii Hypoparathyroidi em
(liii Hypogonadism
7. Gastrointestinal disorders
8. Neurological disorders
9. Nephrotic syndrome
10. Other diseases
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CHAPTER 3
THE PREVALENCE OF DEVELOP?IENTAL ENAMEL DEFECTS IN THE
PERMPaNENT DENTITITION IN A SAMPLE OF RAVERIN( SCHOOLCHILDREN
59.
3.1. MATERIALS AND METHODS
3.1.1. The design of the investigation
The investigation was a cross-sectional, observational study
of enamel defects in a group of children examined at school.
3.1.2.	 Approval
Permission for the study was gained from Barking and Havering
Area Health Authority, the Area Education Officer and the head teachers
concerned. The Family Practitioner Committee and the local branch of
the British Dental Association were also informed. Close liaison was
maintained with the Area Dental Officer.
3.1.3. The study population
As the prevalence of enamel defects might be influenced by
genetic factors, the study included only white Caucasian children
in an attempt to eliminate racial variations. The study population
was defined as:
"A selected sample of white Caucasian children, aged from
5-15 years, attending schools in the London Borough of Havering.."
This area was chosen for a number of reasons. Firstly, tha area
contained a range of schools with pupils representing each of the
social classes. Secondly, Havering does not have a particularly high.
immigrant population and, thirdly, the area and many of the schools
were known to the author which was an advantage when planning the
study.
a) Demograpluc and social characteristics of Havering.
In 1979, Havering had a population of approximately 237,600
within its 40 square miles. A London borough, it is bordered by
Essex to the North, East and South-East and by the London Oroughs
of Barking and Redbridge to the West and North-West (Figure 3.1).
The borough includes the districts of Romford, idea Park, Hornchurch,
Upminster, Cranham, Rainham, Harold Hill, Harold Wood and Collier Row.
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THE LONDON BOROUGHS
FIGURE 3.1: MAP TO ILLUSTRATE THE LOCATION OF THE LONDON BOROUGH OF RAVERING.
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Havering was one District within the Barking and Havering Area Health
Authority, before the reorganisation of the N.H.S. in 1982.
People representing the range of social classes live in Havering,
but it has only a small immigrant population. Many people have moved
to Havering from Inner London boroughs. Approximately 20 per cent of
the housing is municipally owned (Office of Population Censuses and
Surveys, 1982): in particular there are large council estates in
Harold Hill, Collier Row, Rainham and Cranham.
Many people living in }Iavering commute to work in the City. There
is, however, a large amount of industry within the borough. Manufacturing
processes carried out inc1ude brewing, precision engineering, metal
fabrication, electronic equipment, pharmaceutical products, printing
and clothing. The Ford Motor Company has a modern foundry within the
borough, although the assembly and completion plants lie within the
adjacent Borough of Barking. There is also a considerable amount of
service industry in Havering.
b). The school population.
In the school year 1978-1979, 45505 children attended primary,
secondary and special schoçls administered by Havering Local Education
Authority. Nearly half the children attended the 22 secondary schools
which were all comprehensive and all but 6 were co-educational. Some
23000 children attended primary schools throughout the area.
c) The water supply.
Havering is supplied with water by the Essex Water Company from
a multiplicity of sources. In general, the water has a fluoride
content of less than 0.3 p.p.m. The two main water treatment plants
are situated at Chigwell and Herongate. The water treated at-Chigwell
is bought from the Thames River Authority and 99 per cent of it is obtained
from the River Lea. In 1979 this water had a fluoride content of 0.23
p.p.m. The Herongate works obtains water from a bulk storage reservoir
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at Langham, supplied by the River Stour and from the Abberton Reservoir
at Layer de la i-!aye which is supplied by numerous streams. In 1979 the
water from the Herongate works had a fluoride content of 0.29 p.p.m. At
times of extra demand water from a well in Dagenham supplements the water
supply to a few roads in Rainham. This water has a fluoride content of
0.68 p.p.m., but because of the fluctuating demand for water, the fluoride
contemt in the water supplied to the affected roads also fluctuates
depending on how much water is being supplied by the Dagenham well.
3l.4. The sampling method
When considering the sample size, the degree of accuracy which
was required for the results and the amount of time available for
the survey were taken into consideration.
Previous studies of enamel defects give varying data for the prevalence
of such anomalies (c.f, Section 2.3). For example, Nevitt et a]. (1963)
found that 14.6 per cent of a group of children had at least one tooth
with an enamel defect, whilst Hurme (1949) found that 83.5 per cent were
affected; both studies being conducted in low fluoride areas. For the
present study, considering children aged 12-15 years, most of whom would
have 24-28 permanent teeth, it was estimated that using a sample size of
1,500, if the prevalence of enamel defects was found to be 15 per cent,
the 95 per cent confidence limits would be 13.2 per cent and 16.8 per cent,
whilst for a mouth prevalence of 80 per cent the 95 per cent confidence
limits would be 78 per cent and 82 per cent Fhus, a sample size of 1,500
was considered sufficient to provide accurate data on the prevalence of
enamel defects in children with a "complete", or nearly "complete" permanent
dentition. As data were also required on the prevalence of enamel defects
in permanent teeth in younger children, it was decided to examine a further
1,500 children aged 5-11 years.
The sample was representative of the total area, both geographically
and socially; children were selected from 19 of the 22 comprehensive
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senior schools in the area an6 from ten randomly chosen infant/junior
schools. Of the three senior schools which were not visited in the
main study, one refused to take part and one was used for the pilot
study. The third school was not served by an Area Health Authority
clinic at the time of the survey and therefore the annual dental
inspection could not be conducted. This school, however, was used
to test a draft copy of the F.D.I. index for enamel defects.
Twelve-and-a-half per cent of the first to fourth year pupils
in the 19 senior schools and 25 per cent of all the pupils in the
infant/junior schools took part in the survey. The ch-i)4ren were
selected randomly from class lists obtained from the school prior
to the inspection. If a member of the sample was absent from sahool
on the day of the inspection the next child on the class list was
substituted for the absentee.
The final sample contained 2923 children, 1500 boys and 1423
girls. 1008 children attended primary schools and 1915 were pupils
at secondary schools.
3.1.5. The organisation of the examinations
The surey was carried out at the same time as the annual
school dental inspections. Thus, the schools suffered a minimum
amount of disruption and the author was able to assist the Area
Health Authority by carrying out the routine dental inspections
for approximately 15000 children.
A formal letter was sent to each head teacher explaining about
the dental inspection and survey and a letter of acknorledgement
was sent at the completion of each visit (Appendix 1).
The author conducted all the survey examinations. Dental surgery
assistants from the Area Health.. Authority dealt with the administration
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concerned with the routine dental inspections. The children were seen
a class at a tiine the routine dental examinations being conducted
first, followed by the survey examinations.
3.1.6. The examination technique
The examinations were conducted in a standard, systematic manner.
Each child was examined in the supine position on a medical couch, or,
when this was not available, on two chairs placed side by side. An
anglepoise lamp with a 100 watt bulb was used to provide a uniform
external source of light. Each examination was carrie6 out using a
Search Bright dental mirror and a blunt probe. The Search Bright
mirror provided an internal source of illumination of the oral cavity
which was particularly important when examining the posterior teeth.
Gross debris was removed from the teeth with a gauze square and
the teeth were dried for two seconds with compressed air using an air
syringe attached to a portable compressor. Occlusal,• bucca]. an lingual
surfaces of the permanent teeth were examined in that order, beginning
with the upper right quadrant and ending with the lower left quaarant.
The examiner noted the type and position of any enamel defects and
recorded all her findings using a cassette tape recorder. The results
were later transcribed onto a specially designed chart (Appendix 2).
Each child's name, address, date of birth, school and father's occupation
were recorded on the chart at the time of the examination.
3.l7. The examination criteria
The type and position of enamel defects on the ocelusal, buccal
and lingual surfaces of permanent teeth were recorded. Fractured,
severely decayed and partially erupted teeth were noted, but not
assessed for enamel defects.
a) The site of enamel defects.
The buccal and lingual surfaces were divided into thirds
in order to locate the defects as accurately as possible. All
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defects occurring on the occ].usa]. surfaces were given the code
number 6.
Code	 Site
	
0	 No defects
	
1	 Gingival third
	
2	 Gingiva]. and middle thirds
	
3	 Gingival and incisa]. thirds
	
4	 Middle third
	
5	 Middle and incisal thirds
	
6	 Occiusal/incisa]. third
	
7	 Gingival, middle and incisal/occiusa]. thirds
	
8	 Missing tooth
	
9	 Tooth not assessed for defects due to
being fractured, badly decayed, partially
erupted, crowned, etc.
b) The types of enamel defects.
Discolouratiqns and hypoplasias were recorded separately,
but where they occurred together this was noted.
Discolouration (Figure 3.2).
Code	 category
	
0	 None
	
1	 Opaque white area(s) (flecks) less than 2 mm
in diameter
	
2	 Opaque white area(s) (patches) greater than 2 mm
in diameter
	
3	 Coloured area Cs) (flecks) less than '2 mm in diameter
	
4	 Coloured area Cs) (patches) greater than 2 mm in
diameter
	5	 Horzontl white lines
6	 Possible early carious lesions
8	 Missing tooth
9 Tooth not assessed for defects due to being
freotured, badly decayed, partially erupted,
crowned, etc
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Hypoplasia (Figure 3.3).
Code	 Category
None
1	 Area of deficient enamel which is ough
on probing and less than 2 mm in diameter
(small, rough, hypoplasia).
2	 Area o deficient enamel which is rough
on probing and greater than 2 mm in
diameter (large, rough, hypoplasia)
3	 Area of deficient enamel which is smooth
on probing and less than 2 mm in diameter
(small, smooth, hypoplasia)
4	 Area of deficient enamel which is smooth
on probing and greater than 2 mm in diameter
(large, smooth, hypoplasia
5	 Pitting defects
6	 Horizontal grooves
7	 Vertical grooves
8	 Missing tooth
9	 Tooth not assessed for defects due to
being fracture1 badly decayed, partially
erupted, crowned, etc.
C) The aetiology of the defects.
Although the classification of enamel defects was based
on descriptive criteria, provision was made for the presuzd
aetiology to be recorded when it was felt that it would provide
useful additional information, as in the case of tetracyc]:ine
staining. The aetiology was recorded only on the basis of the
clinical appearance; the children were asked no questions
-	 -
about the causes of the defects.
3.1.8. Calibration procedures
Repeat examinations were carried on on a 7 per cent random sample
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0'
'FIGURE 3.2: ENAMEL DISCOLOURATIONS.
a). /1
	
- WHITE AREAS> 2 mm IN DIAMETER (eODE 2.
1/1
b) 5/	 - COLOURED AREA> 2 mm IN DIAMETER (.CODE 4.
C). 21/12 - COLOURED AREAS ) 2 mm IN DIAMETER CCODE 4).
21/12	 (ALSO RECORDED AS TETRACYCLINE . . STAINING).
d) 1/1	 - BORIZONTAL WHITE LINES (CODE 5)..
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FIGURE 3.3: ENAMEL liYPOPLASIAS.
a) 6/ - ROUGE YPOPLASIA > 2 mm IN DIAMETER (CODE 2)..
(ALSO DISCOLOURATION CODE 4)
b). 4/ - SMOOTH BYPOPLASIA ) 2 mm IN DIAMETER (CODE 4)
ci 1/1 - PITTING DEFECTS (CODE 5)
d). 1/1 - MORIZONTAL GROOVES (.CODE 6)
e) 21/12- VERTICAL GROOVES (CODE 7)
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of the subjects who took part in the main study. This was done to
assess the reliability of the data and the consistency with which
the examiner applied the examination criteria.
3.1.9. Data processing and analysis
After the examinations, the recorded data were transcribed
as soon as possible onto the specially designed survey forms
(Appendix 2 ). The data were later transferred to forms from which
punch cards could be prepared with ease. Each subject had five punch
cards. It was recognised that each time the data was transferred to
a different form, this was a possible source of error and therefore
each stage was carefully checked. The information on the punch cards
was read into a CDC 7600 computer at the University of London Computer
Centre. The majority of analyses were carried out using the Statistical
Package for the Social Sciences, version 7.0 (Nie et al.., 1975).
	 og
linear mqdels were computed using the program BMD P3F in the BMDP series,
(Dixon et al., 1979). on the CDC 6600 computer at the University of
London Computer Centre. Eruption times were calculated using Karber's
method for calculating the 50 per cent eruption point (Hayes and Mantel,
1958, Brook and Barker, 1972). (ppendix 6).
3.1.10. Photographic record
A photographic record was made of different types of defects for
illustrative purposes. A Yashica camera body with a Medical Lens 100
attachment was used with Agfachrome Professional (ASA 50). reversal
film and Kpdacolour II (ABA 100).. colour negative film.
3.1.11. The pilot study
In February 1979, a pilot study was conducted to assess the
viability of the examination technique, the examination criteria
and the recording method.
Method
203 children aged from 5-15 years were randomly selected from an
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infant/junior school and a senior school which were not included in the
main study. Repeat examinations were carried out on 10 per cent of the
children. The subjects were examined according to the technique and criteria
already described (cf. Sections 3.1.6 and 3.1.7). The findings were
recorded and the data were processed and analysed as desctibed above
(c.f. Section 3.1.9).
Results
Eight children had no erupted permanent teeth; these children are
not included in the following prevalence figures. Thus, considering the
195 children with some permanent teeth.: 149 (76 per cent) had at least
one permanent tooth with. an
 enamel defect. One hundred and seventeen
(60 per cent) children had only discolourations, 3 (2 per cent). had only
hypoplasia and 29 (15 per cent) had both discolourations and hypoplasia.
Table 3.1 gives data for the prevalence of discolouratioris and hypoplasia
in each tooth type, right and left sides combined.
Table 3.2 illustrates the tooth. prevalence of enamel disco1ourations
17.2 per cent of all th.e permanent teeth. assessed were discoloured. White
specks were the most common form of discolouration (3.0 per cent). followed in
frequency by the larger white patches (.2.4 per cent). The tooth prevalence
of hypoplasia is shown in Table 3.3; considering all types of hypoplasia
together, 1.1 per cent of teeth. were affected by at least one of these defects.
The majority (56 per cent) of the discolourations occurred on the
buccal surfaces; 22.6 per cent occurred on the lingual aspects and 21.2
per cent on the occiusal surfaces. Considering the proportion of surfaces
affected, however, the occlusal surfaces were found to have thehighest
proportion of defects. As many as 19 per cent of the occiusal surfaces
had discolourations; 13 per cent of the buccal surfaces were discoloured,
but only 5 per cent of the lingual aspects of the teeth. were siiiiilarly
affected.
Repeat examinations were carried out on 23 children. The total
number of teeth consistently diagnosed as having an enamel defect at both
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TABLE 3.2: THE TOOTH PREVALENCE OF ENAMEL DISCOLOURATION IN 195
CHILDREN AGED 5-15 YEARS IN THE PILOT STUDY
TOOTH PREVALENCE
DISCOLOURATIONS	 NUMBER
CODE	 TYPE
0	 None	 3269	 93.0
1	 White flecks	 106	 3.0
2	 White patches	 86	 2.4
3	 Brown flecks	 10	 0.3
4	 Brown patches	 33	 0.9
5	 Horizontal white lines 	 10	 0.3
TOTAL	 3514	 100
TABLE 3.3: THE TOOTH PREVALENCE OF ENAMEL HYPOPLASIA IN 195
CHILDREN AGED 5-15 YEARS IN THE PILOT STUDY
TOOTH PREVALENCE
HYPOPLASIA	 NUMBER
CODE	 TYPE
0	 None	 3474	 98.9
1	 Small, rough hypoplasia	 8	 0.2
2	 Large, rough hypoplasia	 10	 0.3
3	 Small, smooth hypoplasia	 5	 0.1
4	 Large, smooth hypoplasia	 6	 0.2
5	 Pits	 9	 0.3
6	 Horizontal grooves	 2	 0.1
7	 Vertical grooves	 0	 0.0
TOTAI.	 3514	 ].00
Teeth with
no defects
Teeth with
defects
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TPBLE 3.4: RESULTS OF REPEAT EXAMINATIONS CARRIED OUT ON
23 CHILDREN IN THE PILOT STUDY
First examination	 I Total
Second
examination
Total
Teeth with
no defects
290
15
305
Teeth with
defects
9	 299
40	 55
49	 354
75.
Discussion
The pilot study was useful for a number of reasons. Firstly,
it provided an opportunity for the examiner to become accustomed
to the examination technique and criteria. Secondly, it highlighted
a nurnber of areas which needed particular attention in the main study
and thirdly it provided information on the timing of the examinations
and the number which could be conducted in one day.
The mouth prevalence (76 per cent) and tooth prevalence (17 per
cent) of enamel defects were comparable to other recent studies.
Murray and Shaw (1979). reported a mouth prevalence for opacities of
82 per cent and a tooth prevalence of 14 per cent. These authors,
however, bed their results on examinations in 13-14 year old
children, whereas the pilot study included children from 5-15 years
of age, many of whom did not have a complete permanent centition.
It was deci6ed that in the main study the results should be analysed
according to age and according to the number of teeth present.
Of particular interest was the high proportion of occlusal
surfaces in the pilot study which had discolourations (19 per cent)
Murray and Shaw (1979) found only 5.2 per cent. One reason for this
difference was probably the fact that slightly different criteria were
used for the diagnosis of opacities/discolourations in the two studies.
Murray and Shaw (1979) stated that the opacities should be well demarcated
from the surrounding area, whereas this was not specified in the present
study and therefore large, diffuse discoloured areas were recorded which
might have included the whole of the occlusal surface, or even the whole
tooth. Also, young children with newly erupted teeth were included in
the present study. These children might have had occiusal defects which
would have been worn away by attrition in older children.
The repeat examinations highlighted the difficulty in making a
consistently accurate diagnosis of enamel defects, In particular,
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the diagnosis of small white flecks proved to be difficult. The
percentage reproducibility of 62.5 per cent was not good, but was
reasonable for the pilot study, which was the first study in which
all of these particular criteria had been used together. These
results emphasised the importance of carrying out repeat examinations
in the main study. Because of the relatively small number of defects
involved, the reproducibility in the pilot study was calculated
according to the number of teeth with defects. In the main study,
however, in order to be more critical, it was decided to calculate
the reproducibility according to the number of surfaces affected.
In general, the design of the investigation, the examiiiatiôn
technique and the examination criteria were acceptable. In addition,
the computer analyses were successful and were found to be appropriate
for the study.
3.1.12. The main study
The main study was conducted from May to December 1979, with
a break of approximately two months during the school summer holidays.
On average, two schools were visited each week.
3.1.13. The draft F.D.I. index of developmental defects of enamel
When the main study was completed a draft copy of the F.D.I. index
of developmental enamel defects became available. This was similar to
the final index (F.D.I., l982 (Table 2.2). One senior school which was
not included in the main study later became available for a dental
inspection and therefore the opportunity was taken to use the draft
F.D.I. iiidex in this school. The school was slightly differet from
others in the area because a high. proportion of the pupils live outside
Havering.
Forty-seven 11-15 year old children were examined using the same
technique as in the main study. The examination form and the criteria
used are illustrated in Appendix 3. The results were analysed by hand.
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3.2. Results
3.2.1. Demographic details
The age distribution of the 2923 children in the sample may be
seen in Table 3.5. As intended, nearly 70 per cent of the subjects
were aged 11 and over. All but 34 (1 per cent) children lived in
Havering and their homes were distributed throughout the area (.Table
3.6).
It was difficult to gain accurate information on the social class
distribution of the children as many (43 per cent) of them did not
know their parents' occupation and the schools were unwilling to
divulge this information, considering the children who did volunteer
details, however, nearly 60 per cent were classified as belonging to
the manual social classes.. (Office of Population Censuses and Surveys,
1970). Only 20 per cent were in social classes I and XI (Table 3.7)..
3.2.2. General dental development
In order to gain an indication of the general dental development
of the members of the sample, eruption times were calculated using
Karber's method of analysis (Hayes and Mantel, 1958).. Table 3.8
illustrates the mean ages of eruption and standard deviation for the
permanent dentition in the children in the sample. Apart from the
first molars, the girls had a lower mean age of eruption than the
boys for each tooth type (Table 3.9).
Figure 3.4 illustrates the frequency distribution of the number
of erupted permanent teeth per child in the total sample. As planned,
approcimately half the sample (52 per cent) had 24-28 erupted permanent
teeth.
3.2.3. The prevalence of developmental enamel defects
When assessing the prevalence of enamel defects it is important t
consider whether or not the subjects had comparable numbers of teeth and
whether the children were of a similar age. In the present study,
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the results will be presented in a number of different ways.
Firstly, results will be given for those children with a "complete"
or nearly "complete" permanent dentition of 24-28 teeth. Secondly,
results will be presented for the whole survey population, thus
including children from the ages of 5-15 with varying numbers of
permanent teeth. Also, results will be analysed according to the
age of the children.
The mouth prevalence of enamel defects in children with 24-28
permanent teeth
1518 children had 24-28 permanent teeth, their ages ranged
from 9.5 - 15.15 years. There were similar numbers of boys (.739).
and girls (779k in this group and the majority (88 percent).
attended secondary schools.
As many as 68.4 per cent (1038) of children in the group had
at least one tooth. with. a developmental enamel deject. 53.8 per
cent (816) of the children had only discolouration defects, 1.2
per cent had only hypoplastic defects and 13.4 per cent (.204). had
both discolourations and hypoplasia.
Although such a large number of children had enamel defects,
the majority had only a small number of teeth affected (Figure 3.5)..
Interestingly, when these data were plotted on a log graph- (Figure
3.6k, a. nearly straight line distrthutiôn was found for the frequency
of children with between 0-14 teeth affected by enamel defects. The
children with the majority of their teeth affected were outside this
distribution which might indicate that they had "different"
characteristics to the rest of the sample.
The mean number of enamel defects was 3.59 (standard deviation
5.12). per child witha range of 0-28. The median number of affected
teeth was 2. 10.5 per cent (.160). of all the children with. 24-28 permanent
teeth had 10 or more teeth- with. enamel defects.
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There was a small sex difference in the prevalence of enamel
defects; 69.3 per cent of the boys and 67.5 per cent of the girls
had at least one tooth with a developmental enamel defect. The girls,
however, had a higher mean number of affected teeth (3.80) than the
boys (3.36 ).
White flecks and patches were the most common types of dis-
colçuration in this group of children (Table 3.1Q). As many as
48 per cent of the children had at least one tooth with a white patch
greater than 2 mm in diameter, whilst 36 per cent had white flecks.
Large brown patches discoloured the enamel of at least one tooth in
20 per cent of the children and 6 per had horizontal white lines on
their teeth. Small coloured flecks. were the least common type of
discolouration; only 3 per cent of the children had these defects.
Although a few (27) children had 20, or more, teeth with white
or coloured patches, the majority of those with discolourations had
only a small number of teeth affected by a particular defect. This
is illustrated clearly in Figures 3.7 to 3.12 which show the frequency
distributions for the number of teeth affected for each. type of
discolouration.
A total of 222 (14.6 per cent), children with 24-28 permanent teeth
had a number with hypoplastic defects. The majority (83 per cent) of
those with hypoplasia had only one or two affected teeth, indeed, only
5 children had 10 or more hypoplastic teeth. The percentage of-children
with each type of hypoplasia and the number of teeth affected are
illustrated in Table 3.11. Approximately 50 per cent of the hypoplastic
defects had associated discolourations.
The tooth prevalence of enamel defects in children with 24-28 permanent teeth
13.5 per cent of all the teeth had an enamel defect, 13.0 per cent
had discolourations, 1.1 per cent had hypoplasia arid 0.6 per cent ha6 both.
types of defect. Table 3.12 and Figure 3.13 illustrate the prevalence of
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discolourations and hypoplasia in each tooth type, As may be seen from
the table, there was a wide variation in the prevalence of enamel defects
according to tooth type. The upper central incisors had the highest
prevalence of enamel defects with 23.6 per cent of all these teeth
being affected. The first perm?nent molars had the next highest prevalence
of enamel defects with over 20 per cent affected and the canines had the
lowest prevalence with only 6.2 per cent having defects,
Because the majority of enamel defects were discolourations, those
teeth with the highest prevalence of enamel defects also had the highest
prevalence of discolourations. The prevalence of hypoplasia was low in all
tooth types; the lower central incisors had the highest prevalence of hypo-
plasia with 2.9 per cent being affected.
The maxillary teeth had an overall higher prevalence of enamel defects
than the mandibular teeth; 15.6 per cent of maxillary teeth had enamel defects
compared with 11.5 per cent of mandibular teeth. 15.2 per cent of maxillary
teeth had discolourations and 1.0 per cent had hypoplasia, whilst 10.9 per
cent of mandibular teeth had discolourations and 1.2 per cent had hypoplastic
defects.
The site of enamel defects in children with 24-28 permanent teeth
43.8 per cent of all discolourations occurred on the buccal surfaces,
32.4 per cent were found on occiusal surfaces and 23.8 per cent on the
lingual aspoects. As many as 12.8 per cent of all the occiusal surfaces
had discolourations whilst 9.6 per cent of the buccal and 5.2 per cent
of the lingual surfaces were affected (Table 3.13).
The majority of buccal discolourations involved the middle and/pr
the incisal/occiusal thirds of the buccal surfaces (Table 3.14). 28.5
per cent of buccal discolourations involved the entire surface and nearly
40 per cent were situated only within the incisal/occiusal third. There was
a similar distribution of the positioning of discolourations on the lingua].
surfaces, but as many as 50 per cent of these defects involved all the
lingual surfaces (Table 3.14).
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Although the majority 173.4 per cent) of hypoplastic defects
occurred on buccal surfaces, even so, only 1.0 per cent of all the
buccal surfaces were hypoplastic (Table 3.15). As with. the discolourations,
most of the hypoplasIas involved the middle and/or incisal/occiusal
thirds of the teeth (Table 3.16), 37.4 per cent of buccal hypoplastic
defects were situated on the middle third of the tooth. surface, 30.3
per cent 9ccurred on the incisal/occiusal third and 13.3 per cent
involved the whole tooth surface.
The relationship between social and geographical variables and the
prevalence of enamel defects in children with 24-28 erupted permanent teeth
The mean number of enamel defects, and, in particular, discolourations,
was found to differ according to the districts in which the subjects lived.
The mean number of affected teeth ranged from 2.09 in children living
outside Havering to 5.19 in children living in cranham (Table 3.17).
Using the one way analysis of variance and the Student-Newman-lCeuls
Procedure (Armitage, 1971) on this data, all the districts were classified
as belonging to the same homogenous subset, where the lowest mean differed
from the highest mean by less then the critical value of a subset of
that size. However, because of the very skewed distribution within the
districts it, was considered more meaningful to compare the log means
for the data. This made the standard deviation within each. district
more similar. When this was carried out two subsets were formed which
are illustrated in Table 3.17. Children living in Hornchurch, Elm Park,
Romford and outside Havering were found to have a significantly lower
log mean number of teeth with enamel defects than children living in
Collier Row, Harold Hill and Cranham.
N significant relationship was found between enamel defects and
social class, but, as has already been mentioned, the data collected
on social class were incomplete. Rousing characteristics have been
used in correlation studies, particularly in respect of mortality,
as proxy measures of socio-economic conditions (Fox and Goldblatt, 1982).
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Detailed data on housing were not available for the subjects in the
present study, but it was possible to divide the children into two
groups according to whether they lived in areas where the housing
was predominantly council owned, or where it was mainly privately owned.
A significant difference was found between the mean number of enamel
defects in each group. The mean number of enamel defects in those
children from council housing areas was 4.27 and 3.06 in those from
areas where the housing was predominantly privately owned (P ( 0.0005).
When the data were analysed according to the senior schools which
the children attended, a wide variation was found in the mean number
of teeth with enamel defects. The means ranged from 1.74 in a school
in Romford to 6.02 in a school in Cranhain. In order to compare the
schools, data from those children with 28 erupted permanent teeth were
used and the log means were analysed. Using the Student-Newman-Keuls
procedure, two subsets were formed where the lowest and highest means
differed by less than the critical value for a subset of that size
(Table 3.18). Only one school, 225, did not appear in subset 2; the
log mean number of teeth with. enamel defects in this school differed
significantly from the log means in schools 227, 214, and 229. Generally,
the schools in which there was a higher mean number of enamel defects had
a higher number of children living in areas where the housing was
predominantly council owned (able 3.18).
The mouth prevalence of enamel defects in the total sample
63.3 per cent (1851) of the total sample had at least one permanent
tooth with a developmental enamel defect. 51.5 per cent (l505 had only
discolourations, 0.9 per cent (27) had only hypoplasia and 10.9 per cent
(319) had both discolourations and hypoplasia. Although. these prevalence
figures are true for the total sample, they do include 133 children who
had no erupted permanent teeth. and therefore a rather distorted picture
is presented. The results will have more meaning if only those children
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with at least one erupted permanent tooth are included.
The mouth prevalence of enamel defects in children with at least one
erupted permanent tooth
Considering the 2790 children who had at least one permanent
tooth erupted, 66.3 per cent (1851) had enamel defects. 53.9 per
cent (1505) had only 6iscolourations, 1.0 per cent (27). had only
hypoplasia and 11.4 per cent (319) had both discolouration and
hypoplastic defects.
There were small sex differences in the prevalence of enamel
defects in this group of children; 67 per cent of the boys and
65.7 per cent of the girls had developmental enamel defects.
The majority of children with enamel defects had only a
small number of affected teeth (Figure 3.14). The log graph of
this data shows a nearly straight line distribution for the
frequency of children with- 0-16 teeth affected by enamel defects,
whilst those with greater numbers of affected teeth. fall outside
this random distribution. The mean number of enamel defects was
3.13 (standard deviation 4.38), whilst the median was 1. 79
per cent (220) of all the children had 10 or more permanent teeth
with. enamel defects.
Because of the variation in the numbers of permanent teeth per
child in this groi.ip, the mouth prevalences of individual types of
discolourations would not be very meaningful. Rather, the proportion
of teeth affected would be more useful and this will be consiIered
later. Figures 3.15 and 3.16, however, illustrate the rangeof the
number of teeth affected by all discolourations and bypoplasias in
the children with at least one erupted permanent tooth.
1Phe proportion of teeth, per child, affected by enamel defects in the
group of children with at least one erupted permanent tooth.
By considering the proportion of teeth per child which- were
affected by enamel defects, allowance is made for the fact that the
84.
children had differing numbers of erupted permanent teeth. Figures
3.17 to 3.20 illustrate this data for tour different age groups. In
the older age groups, a greater percentage of children had a lower
proportion of their permanent teeth affected by enamel defects than
did those in the younger age groups. Approximately 50 per cent of
children aged 11 and over had between 1 and 30 per cent of their
teeth affected by enamel defects, whilst 50 per cent of children
aged 7 to 8 had between 1 and 50 per cent of their permanent teeth
similarly affected.
The tooth prevalence of enamel defects in the total sample
15.2 per cent of all the teeth-had an enamel defect(s), 3.4.8
per cent had discolourations, 1.1 per cent hypoplasia and 0.6 per
cent had both types of defect.
For the total sample, instead of assessing the prevalence of
enamel defects in each tooth type for all the chi]dren, it was
considered more useful to ascertain the prevalence of enamel
defects in teeth which had been erupted for only a limited period
of time. Thus, the prevalence figures for each tooth type would
relate to teeth which had been in the mouth for approximately the
same length of time. Also, these teeth would not be so likely to
have suffered from trauma and decay. The prevalence figures for
enamel defects in each tooth type were ascertained from those children
whose ages were within approximately two standard deviations of the
mean age of eruption of that tooth.
Although this was considered the most appropriate method for
presenting the data, it was recognised that because of the greater
variation in eruption times jn the later erupting teeth, some of
the teeth included in the analysis would have been in the mouth. for
a greater period of time than others. Also, the data on the earlier
erupting teeth. were generally gained from different and fewer children
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than the data for the later erupting teeth.. Despite these difficulties,
it was considered that these data would be original and would be
valuable as a basis for assessing the possible effects of age on the
prevalence of enamel defects.
There was a wide range in the prevalence of enamel defects,
particularly discolourations, according to tooth type (Table 3.19)..
The first permanent molars had the highest prevalence of enamel defects
with over 35 per cent of these teeth being affected. The upper central
incisors had the next highest prevalence of enamel. defects with 28 per
cent affected, whilst the canines had the lowest prevalence of ohly
5.7 per cent.
The prevalence of defects on the right side was generally
slightly greater than that on the left, but overall this was not
found to be statistically significant. However, there was a
statisUcally significant difference between the number of defects
on the upper right and left Incisors. 32.3 per cent of upper right
central incisors had defects compared with.. 23.8 per cent of upper
left central incisors	 = 3.96 with 1 degree of freedom:
P L 0.05). There was an even greater difference between the lateral
incisors; 20.2 per cent of upper right lateral incisors had enamel
defects compared with 11.6 per cent of upper left lateral incisors
= 7.78 with 1 degree of freedom: P L 0.01).
The proportion of upper incisors and first molars with. enamel
defects was considerably higher than that reported for comparable
teeth in the group of children with. 24-28 permanent teeth. However,
because of the difference in sample size between the two sets of
children, there was also a large difference in the confidence limits
for the proportion of teeth with defects. For example, the proportion
of newly 11 erupted upper right central incisors with enamel defects
was 32.2 per cent and the confidence limits were 26.0 per cent and
86.
38.4 per cent, whereas the prevalence in the group of children with
24-28 erupted teeth was 24.4 per cent with confidence limits of 22.2
per cent and 26.6 per cent. In order to investigate this further and
to assess the influence of age on enamel defects, the data for the
first molars and upper central incisors were analysed in more detail.
Table 3.20 illustrates the relationship between age and enamel defects
in these teeth.
To allow for the difference in sample size in different age groups
and to include possible confounding variables, a log-linear model was
used to analyse the relationship between age and the prevalence of
enamel defects in selected teeth.. , The area in which the subjects
lived, according to whether the predominant type of housing was
council or privately owned, and the term at which the children were
examined, were considered as factors which might influence the
prevalence of enamel defects and were therefore included in the model.
The term at which the children were examined was included to allow
for the possibility of change in the examination criteria during
the course pf the study.
The association of the prevalence of enamel defects with each
of the variables, age, housing and term, is illustrated in Table 3.21.
For the upper right first molar, defects decreased significantly with
age, irrespective of housing. In addition, the prevalence of enamel
defects was significantly higher in children from areas where the
housing was predominantly council owned compared to the prevalence
in children from privately owned houses. However, a higher proportion
of younger children lived in council owned houses. Nevertheless, the
age difference in the prevalence of enamel defects for this tooth was
consistent across both types of housing. Similarly, for the lower
first molar, defects decreased significantly with age and children
from council house areas had a significantly greater proportion of
87.
enamel defects than did children from privately owned houses. For
this tooth, however, the changes with age were not consistent over
both types of housing.
Enamel defects in the upper right central incisor decreased
significantly with age, but there was no significant difference
in the prevalence of enamel. defects between children from different
housing areas. The age effect of this tooth was not consistent across
both types of housing. For the lower right central incisor, there was
no significant difference in the prevalence of defects with age, or
housing.
A greater proportion of enamel defects was found in the teeth
examined in the summer term than in the autumn term. This relationship
was particularly significant for the first molars, but less so for
the incisors. The relationship between the prevalence of enamel
defects, age, housing and term of examination was further confounded
because significantly more children from council housing areas were
examined during the summer term than during the autumn term.
3.2.4. The aetiology of enamel defects in the total sample
On the b&sis of the clinical appearance the possible aetiology
was recorded in only 3.8 per cent (71} of those with enamel defects
(Table 3.221. The others had no known aetiology at the time of
examination. 1.6 per cent C46) of the total sample and 2.5 per cent
of those with defects were recorded as having tetracycline staining.
Of those with tetracycline staining, 28.3 per cent lived in Earold
Hill and a similar number in Hornchurch., whilst a further l7.4'per
cent lived in Elm Park. As many as 3.7 per cent of all the children
who were examined from 1m Park, 3.4 per cent of those from Bornchurch
and 2.9 per cent who lived in Harold Hill were recorded as having
tetracycline staining.
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Only one possible case of fluorosis was noted; other recorded
causes were trauma and infection to the deciduous successors, systemic
illnesses and genetic factors. The subjects who were recorded as
having genetically determined defects included 6 with so-called
"snow capped" teeth and two who had severe hypoplastic forms of
amelogenesis imperfecta.
3.2.5. Reproducibility of diagnosis
The intra-examiner reproducibility was analysed using the method
described by Murray and Shaw (1979). A total of 188 children were
examined twice for this study. Discolourations and h.ypoplasia were
analysed separately. Tables 3.23 to 3.26 illustrate the intra-examiner
reproducibility for discolourations according to the different surfaces
examined. There was an overall reproducibility of diagnosis of 73.5
per cent; the buccal surfaces had the highest percentage reproducibility
of 75.5 per cent whereas the occlusal surfaces had a reproducibility
of only 71.0 per cent. The majority of discrepancies involved white
flecks and white patches.
Table 3.27 illustrates the reproducibility for hypoplasias in
all surfaces combined. The percentage reproducibility for hypoplasias
was 87 per cent.
3.2.6. The trial of the draft F.D.I. index
Of the 47 children examined using the draft F.D.I. index, 29
(61.7 per cent) had enamel defects on one or more teeth. The mean
number of affected teeth was 2.3 and the median 1. The majority
of those with defects had only a small number of affected teeth,
4 (8.5 per cent) children, however, had defects on 14 or more teeth.
White opacities were the most common type of defect, 53.2 per cent
(25) of the children had these lesions.
The tooth prevalence of defects in this group of children was
10.6 per cent. The upper central incisors had the highest prevalence
89.
of defects, 27 per cent of these teeth. being affected. The prevalence
of defects in individual tooth types has already been reported elsewhere
(.Cutress and Suckling, 19821. Eight per cent of all the buccal and
occiusal surfaces had enamel defects whilst only 4 per cent of the
lingual surfaces were similarly affected. The majority of defeats
were single lesions and occurred on the incisal/occiusal and/or
middle thirds of the teeth.
One boy was recorded as having tetracycline staining, but no
aetiology was diagnosed for any of the other developmental enamel
defects.
AGE
5
5½
6
6½
7
7½
8
8½
9
9½
10
10½
11
11½
12
12½
13
13½
14
14½
15
15½
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TABLE 3.5: THE AGE DISTRIBUTION OF THE SAMPLE
NUMBER
96
55
70
79
75
73
95
76
82
80
78
79
153
233
230
261
266
231
223
238
110
40
CUMULATIVE %
3	 3
2	 5
2	 8
3	 10
3	 13
2	 15
3	 19
3	 21
3	 24
3	 27
3	 29
3	 32
5	 -	 37
8	 45
8	 53
9	 62
9	 71
8	 79
8	 87
8	 95
4	 99
1	 100
TOTAL	 2923	 100
NUMBER
453
85
387
96
230
301
143
495
218
481
34
2923
15
3
13
3
8
10
5
17
7
16
1
100
AS % OF THOSE WHO COULD
BE CLASSIFIED
5.7
15.2
19.7
45.2
10.5
3.7
SOCIAL CLASS
I
II
III non-manual
III manual
Iv
V
Unclassified
Total
3.2
8.6
11.1
25.4
5.9
2.1
43.8
100.0
NUMBER
93
250
324
742
173
60
1281
2923
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TABLE 3.6: THE DISTRICTS IN WHICH THE SUBJECTS LIVED
DISTRICT
Upminster
Cranham
Hornchurch
Gidea Park
Romford
Collier Row
Harold Wood
Harold Hill
Elm Park
Rainham
Districts outside Havering
Total
TABLE 3.7: THE SOCIAL CLASS DISTRIBUTION OF THE SAMPLE
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Number of
children
Number of erupted permanent teeth
FIGURE 3.4: FREQUENCY DISTRIBUTION OF THE NUMBER OF ERUPTED PERMANENT
TEETH PER CHILD IN THE TOTAL SAMPLE OF 2923 CHILDREN.
(DATA PLOTTED ON LOG GRAPH PAPER).
95.
7 of children
0	 5	 10	 15	 20	 25	 28
Number of teeth affected
FIGURE 3.5:
BAR CHART TO ILLUSTRATE THE PERCENTAGE OF CHILDREN WITH DIFFERENT
NUMBERS OF TEETH AFFECTED BY ENAMEL DEFECTS (DATA REFERRING TO THE
1518 CHILDREN WITH 24-28 PERMANENT TEETH).
96.
Number of
children
Number of teeth with enamel defects
FIGURE 3.6: FREQUENCY DISTRIBUTION OF TEE MOUTH PREVALENCE OF ALL
ENAMEL DEFECTS IN THE GROUP OF 1518 CHILDREN WITH 24-28
PERMANENT TEETH. (DATA PLOTTED ON LOG GRAPE PAPER)..
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Number of
children
Number of teeth with discolouratuons
FIGURE 3.7: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF ALL
DISCOLOURATIONS IN THE GROUP OF 1518 CHILDREN WITH 24-28
PERMANENT TEETH. (DATA PWTTED ON LOG GRAPH PAPER.
99.
Number of
children
Number of teeth with white flecks
FIGURE 3.8: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
WHITE FLECKS I,N THE GROUP OF 1518 CHILDREN WITS 24-28
PERMANENT TEETE. (DATA PLOTI'ED ON LOG GRAPE PAPER.
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Number of
children
Number of teeth with white patches
FIGURE 3.9: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF'
WHITE PATCHES IN THE GROUP OF 1518 CHILDREN WITH 24-28
PERNANENT TEETH. (DATA PLOTTED ON LOG GRAPli PAPERiL.
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Number of
children
1475
Number of teeth with brown flecks
FIGURE 3.10: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
BROWN FLECKS IN THE GROUP OF 1518 CHILDREN WITH 24-28
PERNANENT TEETH. (DATA PLOTTED ON LOG GRAPH PAPER).
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FIGURE 3.11: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
BROWN PATCHES IN THE GROUP OF 1518 CHILDREN WITH 24-28
PERMANENT TEETH. (DATA PLOTPED ON LOG GRAPH PAPER).
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Number of
children
1433
Number of teeth with horizontal white lines
FIGURE 3.12: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
HORIZONTAL WHITE LINES IN THE GROUP OF CHILDREN WITH
24-28 PERMANENT TEETH. (DATA PLOTTED ON LOG GRAPH PAPER).
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TABLE 3.11: THE MOUTH PREVALENCE OF DIFFERENT TYPES O HYPOPLSIA IN THE
1518 HAVERING SCHOOLCHILDREN WITH 24-28 PERMM4E TEETH
TYPE OF HYPOPLASIA
No. of Al]. hypo- Small Large Small Large Pits Hori-
teeth plasias rough rough smooth smooth 	 zontal
affected	 area	 area	 area	 area	 grooves
((2mm) ()2mm) (L2mm	 ()2mm)
NO. OF CHILDREN
0	 1296	 1489	 1458	 1471	 1464	 1459	 1490
1	 135	 25	 45	 36	 43	 43	 9
2	 50	 4	 12	 9	 8	 13	 6
3	 19	 0	 3	 2	 2	 1
4	 6	 0	 0	 0	 0	 1
5	 1	 0	 0	 0	 0
6	 3	 0	 0	 0	 0	 1	 2
7	 1	 0	 0	 0	 0	 0	 0
8	 1	 0	 0	 0	 0	 0	 0
9	 1	 0	 0	 0	 0	 0	 0
10	 1	 0	 0	 0	 0	 0	 1
11	 1	 0	 0	 0	 0	 0	 0
14	 1	 0	 0	 0	 0	 0	 1
20	 0	 0	 0	 0	 0	 I	 0
24	 1	 0	 0	 0	 0	 0	 0
28	 1	 0	 0	 0	 1	 0	 0
Vertical
grooves
TOTAL
MOUTH	 222	 29	 60	 47	 54	 60	 28	 1.
PREVAL-	 14.6%	 1.9%	 4.0%	 3.1%	 3.6%	 4.0% 1.8%	 0.1%
ENCE OF
HYPO-
PLASIA
N.B. The differenttypesof hypoplasia are not mutually exclusive,
a child might suffer from more than one type of hypoplasia.
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enamel defects
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Mandibular teeth
FIGURE 3.13: BAR CHART TO ILLUSTRATE THE PERCENTAGE OF TEETH
WITH ENAMEL DEFECTS IN EACH TOOTH TYPE, IN THE
GROUP OF 1518 CHILDREN WITH 24-28 PERMANENT TEETH.
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TABLE 3.13: THE SITE OF DISCOLOURATIONS BY TOOTH SURFACE
IN CHILDREN WITH 24-28 PERMANENT TEETH
TOOTH	 NUMBER OF
	 SURFACES WITH DIS-
	 % OW ALL DISCOLOURATIONS
SURFACE SURFACES	 COLOURATIONS
EXAMINED	 No.
Buccal	 40263	 3852	 9.6	 43.8
Lingual	 40263	 2091	 5.2	 23.8
Occiusal 22290	 2847	 12.8	 32.4
All	 I 102816
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TABLE 3.15: THE SITE OF HYPOPLASIAS BY TOOTH SURFACE IN CHILDREN
WITH 24-28 PERMANENT TEETH
TOOTH	 NUMBER OF	 SURFACES WITH HYPOPLASIA % OF ALL HYPO—
SURFACE	 SURFACES	 PLASIAS
EXAMINED	 No.
Buccal	 40263	 390	 1.0	 73.4
Lingual	 40263	 72	 0.2	 13.6
Occiusal	 22290	 69	 0.3	 13.0
All	 102816	 531	 0.5
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TABLE 3.17: THE MOUTH PREVALENCE OF ENAMEL DEFECTS IN THE 1518
CHILDREN WITH 24-28 PERMANENT TEETH ACCORDING TO
THE AREAS IN WHICH THEY LIVED.
DISTRICT	 MEAN NO.	 LOG MEAN	 HOMOGENOUS	 NO. OF
OF TEETH	 NO. OF	 SUBSETS1	 CHILDRENWITH DEFECTS TEETH WITH
DEFECTS
OUTSIDE HAVERING
ROMFORD
ELM PARK
HORNCHURCH
HAROLD WOOD
UPMINSTER
GIDEA PARK
RAINHAM
COLLIER ROW
HAROLD HILL
CRANHAM
2.0870
2.3813
2.9043
3.1701
3 • 1731
3 • 5143
3.1159
3.8638
3. 9913
4.7546
5.1884
0.2796
0. 3807
0.4065
0.4124
0.4145
0.4276
0.4650
0.4906
0.4934
0.5656
0.6190
Subset Subset
1	 2
*
*
*
*
*	 *
*	 *
*	 *
*_ *
*
*
*
25
188
94
288
63
175
69
257
87
203
69
*INDICATES GROUP MEMBERSHIP
1
Subsets calculated according to Student-Newman-Keuls procedure
**
*
*
I J S -,
94.4
97.3
95.7
61.4
c_sJ. _I
5.6
2.7
4.3
38 • 6
SI S
0.5540
0.5914
0.5973
0.6368
.., .
4.0000
5. 9730
5. 5714
5.7273
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TABLE 3.18: THE MOUTH PREVALENCE OF ENAMEL DEFECTS IN THE 723
CHILDREN WITH 28 ERUPTED PERMANENT TEETH ATTENDING
SENIOR SCHOOLS IN HAVERING.
SCHOOL MEAN NO.
	 LOG MEAN	 HOMOGENOUS	 % 0F CHILDREN 2
CODE	 OF TEETH	 NO. OF	 SUBSETS1	 IN HOUSING:WITH DEFECTS TEETH WITH
DEFECTS	 Subset Subset Type 1
	
Type 2
1	 2
225	 1,4571	 0.2219	 *	 2.9	 97.1
216	 1.3158	 0.2715	 *	 *	 31.6	 68.4
218	 2.0000	 0.2789	 *	 *	 0.0	 100.0
219	 1.8837	 0.3247	 *	 *	 2.3	 97.7
224	 2.2857	 0.3256	 *	 *	 22.9	 77.1
221	 2.8649	 0.3478	 *	 *	 18.9	 81.1
217	 2.3148	 0.3586	 *	 *	 96.3	 3.7
212	 2.6000	 0.3617	 *	 *	 0.0	 100.0
222	 3.3793	 0.3801	 *	 *	 27.6	 72.4
223	 3.2895	 0.3970	 *	 *	 10.5	 89.5
215	 2.8889	 0.4118	 *	 *	 22.2	 77.
213	 2.7600	 0.4248	 *	 *	 32.0	 68.0
220	 3.1786	 0.4355	 *	 *	 17.9	 82.1
211	 2.7500	 0.4458	 *	 *	 0.0	 100.0
228	 A	 *	 *	 7 A
227
214
226
229
*INDICATES GROUP MEMBERSHIP
1Subsets calculated according to Student-Newinan-Keuls procedure
2Type 1 Housing - predominantly council house areas
Type 2 Housing - predominantly privately owned house areas
1113.
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children
Number of teeth with enamel defects --
FIGURE 3.14: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
ALL ENANEL DEFECTS IN THE GROUP OF 2790 CHILDREN
WITH AT LEAST ONE ERUPTED PERMANENT TOOTH. (DATA
PLOTTED ON LOG GRAPH PAPER).
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Number of
children
Number of teeth with discolouratuoris
'IGURE 3.15: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
DISCOLOURATIONS IN THE GROUP OF 2790 CHILDREN WITH
AT LEAST ONE ERUPTED PERMANENT TOOTH. (DATA PLOTTED
ON LOG GRAPH PAPER).
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FIGURE 3.16: FREQUENCY DISTRIBUTION OF THE MOUTH PREVALENCE OF
HYPOPLASIAS IN THE GROUP OF 2790 CHILDREN WITH AT
LEAST ONE ERUPTED PERMANENT TOOTH. (DATA PLO1rrED
ON LOG GRAPH PAPER.
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% of teeth affected
FIGURE 3.17: PROPORTION OF TEETh AFFECTED BY ENAMEL DEFECTS
IN CHILDREN AGED 7 AND 8.
% of teeth affected
FIGURE 3.18: PROPORTION OF TEETh AFFECTED BY ENAMEL DEFECTS
IN CHILDREN AGED 9 AND 10.
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'IGURE 3.19: PROPORTION OF TEETH AFFECTED BY ENAMEL DEFECTS
IN CHILDREN AGED 11 AND 12.
of teeth &ff.ct.d
FIGURE 3.20: PROPORTION OF TEETH AFFECTED BY ENAMEL DEFECTS
IN CHILDREN AGED 13, 14 AND 15.
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AGE AN
TERM
*
0.0006
*
0.0170
0.0765
0.0907
TABLE 3.21: THE STRENGTH OF THE ASSOCIATIONS BETWEEN ENAMEL
DEFECTS AND AGE, HOUSING AND THE TERM AT WHICH
THE CHILDREN WERE EXAMINED, FOR SELECTED TOOTH
TYPES.
(Data presented as the P values for the
associations as given by log linear models)
TOOTH I AGE	 HOUSING	 TERM	 AGE AND
*
	
*
	
*
_/	 0.00005
	
O • 0030
	
0.00005
	
0.2891
*
	
*
	
*
	
*
	
0.00005	 0.00005
	 0.00005	 0.0425
*
	
*
	
*
	
/ 0.00005
	
0.9073
	
0 .0052
	
0.0005
*
	
17 0.6174	 0.4739	 0.0152	 0.0985
*INDICATES A SIGNIFICANT ASSOCIATION
A signficant association with age indicates that the prevalence
of enamel defects decreased with age.
A significant association with housing indicates that the prevalence
of enamel defects was greater in children from council housing areas
than in those from privately owned homes.
A significant association with term indicates that the prevalence
of enamel defects was higher in those examined in the summer term
than in those examined in the autumn term.
I
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TABLE 3.22: THE POSSIBLE AETIOLOGY OF THE ENAMEL DEFECTS
FOUND IN 1851 MEMBERS OF THE SAMPLE.
POSSIBLE AETIOLOGY	 NUMBER	 % OF THOSE
WITH DEFECTS
No aetiology diagnosed	 1780	 9.2
Trauma to deciduous successor	 6	 0.3
Infection of deciduous successor	 7	 0.4
Systemic illness	 3	 0.2
Tetracycline therapy	 46	 2.5
Fluorosis	 1	 0.1
Genetic - Amelogenesis
imperfecta "snow-capped teeth" 	 6	 0.3
Genetic - amelogenesis
imperfecta - hypoplastic
form	 2	 0.1
Total number with defects 	 1851	 100
918
18
122.
TABLE 3.23: INTRA—EXAMINER REPRODUCIBILITY FOR BUCCAL
DISCOLOURATIONS
1ST EXAMINATION
TYPE OF
DISCOLOURATION 0
	
1	 2	 3	 4	 5	 6	 8 • 9
0	 3321 12 25	 1	 6	 21
1	 16 38	 8
2	 29 3152	 2	 1
H-
El
cC
z
H
5	 2	 2	 20
6	 1	 4
c.'J
8	 85
9	 18
TOTAL 3367 55 188 2 51 27 	 6	 85 18
Percentage reproducibility = 283 	 X 100 = 75.5%
283 + 92
TABLE 3.24: INTRA—EXAMINER REPRODUCIBILITY FOR LINGUAL
DISCOLOURATIONS
1ST EXAMINATION
TYPE OF
DISCOLOURATION 0	 1	 2	 3	 4	 5	 6
O 3564 3	 7	 2	 1
1	 2	 ____ ____ ____
z2	 18 1 70	 1 ____ ____
0	 -
H
El_______ _____	 ____ ____ ____
cC
4	 4	 2	 21 ____ ____
5 __	 _ _ _
8 __ - _ _ _ 85
9	 _______	 ______ ______ _____
	
TOTAL 3586 6 79	 2 23	 85
Percentage reproducibility =
	
	 97 ioo = 73.5%
97 + 35
19	 -
TOTAL
3367
62
187
2
49
24
5
85
18
3799
TOTAL
3577
2
90
27
85
18
3799
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TABLE 3.25: INTRA-EXAMINER REPRODUCIBILITY FOR OCCLU$AT,.
DISCOLOURATIONS
1ST EXAMINATION
TYPE OF
DISCOLOURATION 0	 1	 2	 34	 5	 6	 8	 9	 TOTAL
O 1179 11 15	 1 
____ I____	 1206
1 1651 3	 __ __ __	 70
2	 41 7 130	 ____ ____	 178
H
3 __ _____ __ __	 1
	
.4 ___ _______	 12 ___	 12
5 __ _____ - __ __	 ___
6 __ _____ - __ __	 ___
cJ
8 ____ _________	 ____ ____	 84	 84
TOTAL 1236 69 1148
	
1	 13	 84 14	 1565
Percentage reproducibility = 204 X 100 = 71%
288
TABLE 3.26: INTRA-EXAMINER REPRODUCIBILITY FOR DISCOLOURATIONS -
ALL SURFACES
1ST EXAMINATION
TYPE OF
DISCOLOURATION 0	 1	 2	 3	 4	 5	 6	 8	 9	 TOTAL
0 8064 26 47	 213	 6	 2 ________ 8150
1	 32 91 11 - _____ _____ ____ __________ 134
28811352	
81 2:
	 ____ __
8 ___ - ___ - ___ ___ _ 254	 254
9 _____	 ____	 ____ ____	 50	 50
TOTAL 8189 130 415 5 87	 27	 6 254 50 9163
Percentage reproducibility = 584 X 100 = 73.5%
795
950
50
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TABLE 3.27: INTRA—EXAMINER REPRODUCIBILITY FOR HYPOPLASIA -
ALL SURFACES COMBINED
1ST EXAMINATION
TYPE OF
HYPOPLASIA 0	 1	 2	 3	 4	 5	 6	 7	 8
0 8805 1	 ____ 1	 1 _____________
1	 2
2	 7	 1
3	 1	 6
H - -
4	 1	 1	 5
1	 11
6	 1	 14
7 __ _
cJ --	- - -
8	 254
9 ______ ______
	
TOTAL 8809 3	 8	 7	 7 11 14	 254
Percentage reproducibility = 47 	 X 100 = 87%
47 + 7
254
50
9163
TOTAL
8808
2
8
7
7
12
15
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3.3 DISCUSSION
3.3.1. The examinations
The examinations were well accepted by the schools and the
Area Health Authority, particularly because the annual school dental
inspections were carried out at the same time. The minimum amount
of disruption was caused to the schools and the option of receiving
dental treatment by the Community Dental Service was offered to those
children who were found to require it.
3.3.2. Characteristics of the sample
The majority of children lived in Havering and were generally
representative of those attending state run schools in the Borough.
One group of children who were not included in the sample were those
attending schools for the mentally and physically handicapped. The
sample, therefore, was biased towards children who were "fit and
healthy".
It was difficult to gain accurate information on the social class
distribution of the children as many C43 per cent) of them did not know
their parents' occupations. Considering the children who did volunteer
details, however, nearly 60 per cent were classified as belonging t the
manual social classes. At the 1981 census, 48 per cent of children aged
0-15, who lived in Havering, were classified as belonging to the
manual social classes COffice'of Population Censuses and Surveys,
1982).
3.3.3. The general dental development
The general development of the permanent dentition in menbers
of the sample was similar to that reported in studies of comparable
populations (Miller et al., 1965; Todd, 1975; Lavelle, 1976). Apart
from the first molars, the girls had a lower mean age of eruption than
the boys for each. tooth. type. This difference was more marked in the
126.
later erupting teeth and the largest difference was found in the
lower canines.
3.3.4. The prevalence of enamel defects
In this sample, 68.1 per cent of children with 24-28 erupted permanent
teeth and 66.3 per cent of all those with. at least one permanent tooth, had
enamel defects. In order to compare these data with other studies
the fluoride content of the water supply must be considered. flavering
may be classified as a low fluorid area; the majority of the water
supply having a fluoride content of less than 0.3 p.p.m. and only a
few roads in Rainham being supplied with water having a fluoride
content of approximately 0.68 p.p.m. Table 2.3 illustrated the
wide variation in the reported prevalence of enamel. defects in low
fluoride areas. One of the most recent studies (Murray and Shaw,
1979) found that 82 per cent of 13-14 year-old children attending a
school in a low fluoride area of Berkshire had at least one . permanent
tooth with an enamel defect.
Very few studies have presented data on the number of teeth,
per child, affected by enamel defects. Dean (l942 and M$ller (.1965)
proposed community indices for measuring the severity of fluorosis
in a community, but, as has already been discussed (Section 2.2t
these indices were not very sensitive and they presupposed that
fluoride was the causative agent of all mottled enamel, In the
present study, in the group of children with a nearly."complète"
dentition, the mean.. number of defects per child wa 3.59. Although
the majority of children had only a small number of enamel defects,
10.5 per cent had 10 or more affected teeth.. Similarly, when the total
sample of children with some permanent teeth was considered, the
mean number of affectea teethw 3.13, The log grphsf the
frequency distribution of the number of affected teeth- per child
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indicated a possthle random distribution for..the majority of children
with enamel defects. Those with. large numbers of affected teeth fell
outside this distribution, however, which would suggest that these
children might have different characteristics to the rest of the
sample, particularly in respect of the aetiology of their defects.
For the total sample, which included children of a wide range
of ages and with. varying numbers of teeth, it was more useful to
present the proportion of teeth with enamel defects than the
absolute numbers. Although the overall proportion of children
with enamel defects was relatively constant across the age groups,
the younger children bad a greater proportion of their erupted
teeth affected than did the children in the older age grQUpS. This
was because the younger children had fewer erupted permanent teeth,
but those which were erupted were the teeth which had the highest
prevalence of enamel defects, as will be discussed, later.
The prevalence of different..types of defects are also useful
descriptive indicators of the severity of the problem within a
population. In the group of children with 24-28 permanent teeth,
67.2 per cent had dIscolouration defects with a mean of 3.46 affected teeth,
White patches greater than 2 mm in diameter were the most common
discqlourations, a finding made by other authors in studies of
comparable populations (Suckling et al., 1976; Zkpata and Jackson,
1978; Murray and Shaw, 1979). Young (1973) found horizontal white
lines to be the most common defect in areas witha water fluoride
level ranging from 0.3 - 5.2 p.p.m. In the preseht study, onlr 6 per cent
of the children had horizontaLwhite lines and for those with this
defect, the mean number of affected teeth was only 2.21 per child.
Brown patches were fun6 in2O per cent of the children with 24-28
permanent teeth. Seven per cent of the children with brown die-
colouratiOns were diagnosed as having tetracycline staining. Indeed,
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all but one of the children who had brown patches on 11 or more
teeth. had tetracycline staining. One girl with brown patches on
22 teeth was assessed as having amelogenesis irnperfecta.
Few studies have presentea data on the prevalence of different
types of hypoplasia because most classifications of enamel defects
place all hypoplasias in the same category. In the present study,
nearly 15 per cent of children with 24-28 permanent teeth had a number
with hypoplastic defects. The majority had only one or two affected teeth,
but 5 children had hypoplasia of 10 or more teeth. Areas of missing
enamel greater than 2 mm in diameter and pitting defects were the
commonest type of hypoplasia. Disco1ourationswere associated with.
45 per cent of the hypoplasias. In particular, the areas of rough.
hypoplasia were invariably discoloured.
The tqoth prevalence and the sites of the lesions provided
additional valuable information for assessing the significance of
the defects. 13.5 per cent of all the teeth. in the group of children with
a nearly "complete" dentition had enamel defects, which supports the
findings of other workers (.Sognnaes, 1941; Murray and Shaw, 1979k.
Nearly 44 per cent of the discolourations occurred on the buccal
surfaces, 32 per cent on the occiusal aspects and 24 per cent on the
lingual surfaces. These data are quite different from those reported by
Murray and Shaw C1979) who found that over 70 per cent of opacities occurred
on buccal surfaces and only 18 per cent and 10 per cent occurred on the
occiusal and.lingual aspects of teeth.. The majority of buccal and
lIngual defects occurred in the middle and/or incisailocciusal thirds
of these surfaces.
The prevalence of enamel defects varied according to the
different tooth. types. In the group of children with. 24-28 permanent
[29.
teeth, the upper central incisors had the highest prevalence of defects,
24 per cent being affected. Results of comparable studies also found that
the upper central incisors had the most defects (Sognnaes, l94l Forrest,
1956; Jackson, 1961; Murray and Shaw, 1979), but other workers reported
that the maxillary first molars were the most frequently affected (Hurme,
1949; Arkie, 1962). In the present study, the first molars also had a high
prevalence of defects with over 20 per cent being affected. Because of the
high prevalence of enamel discolourations, and the small number of hypoplasias,
the differences in the prevalence of enamel defects in different tooth types
also reflected the difference in the prevalence of discolourations in different
teeth. The prevalence of hypoplasia was very low in all the different tooth
types and, in contrast to the discolourations, the lower incisors had the
highest prevalence of hypoplasia.
In order to compare defects in different types of teeth which
had been erupted for similar periods çf time, the defects were
related to the eruption times of the teeth. Using this method of
analysis, the majority of tooth types were found to have a slightly
higher prevalence f enamel discolourations than was reported for
similar teeth in the group of children with a nearly "complete"
permanent dentition. The first molars and upper incisors had a
considerably higher proportion of teeth affected by discolourations.
However, the numbers included in the analysis for these newly erupted
teeth were relatively small and therefore the confidence intervals
for the prevalence of enamel defects were wide. Nevertheless, there
was an indication that the prevalence of discolourations was higher
in newly erupted teeth than in those which. had been in the mouth for
some time. This finding will be discussed in more detail later, but
firstly another interesting finding must be discussed. When the
prevalence of enamel defects was related tothéeruption times of the
teeth, the proportion of affected teeth on the right was slightly higher
than that on the left, but generally this was not significant. However,
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the maxillary right incisors did have a significantly higher proportion
of enamel defects than those on the left, but this difference was not
found for the similar teeth in the group of children with 24-28 permanent
teeth. Akpata and Jackson (J.978 reported that the right-left symmetry
of mottled permanent incisors occurred only in a third of affected
persons. Intrinsic genetic factors might be a reason for the asyimnetry,
but the possibility of some right-sided bias in a right-handed examiner
cannot be ignored.
3.3.5. The relationship between selected variables and the prevalence
of enamel defects
By using log-linear models to analyse the data, the prevalence
of enamel defects was found to decrease significantly with age in the
first molars and upper central incisors. This relationship, however,
may have been confounded by two variables, the type of housing in which
the children lived and the term at which they were..examined. Nevertheless,
there was a definite trend which showed a decrease in enamel defec€s and
specifically discolourations, with age. A number of suggestions may be
made to account for this finding. Firstly, the high caries rate in the
first molars meant tnat a number of defects may have been destroyed, or
obscured, either by caries or restorations. Secondly, some teeth with
severe defects may have been extracted in the older children. Thirdly,
attrition might have destroyed cuspal and incisal defects in the older
subjects. Finally, some of the discolourations, and in particular the
white flecks, patches and lines, might have genuinely faded with time
due to a general darkening in the colour of the teeth, or perhaps due
to further mineralisation of the surface enamel.from oral fluids.
Results from the log linear models also indicated that significantly
more enamel defects were found in the first molars of children who
lived in districts where the housing was predominantly council-owned
than were found in children from districts where the housing was mainly
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privately owned.Similarly,in the group of children with 24-28 erupted
permanent teeth, those who lived in council-housing districts had a
higher mean number of teeth with enamel defects than the other
children. Interestingly, mortality studies have shown that housing
appears to be a more useful indicator of social status and culture
than social class as classified according to the Registrar General's
classification of occupation (Fox and Goldblatt, 1982). 1easons for
the difference in the prevalence of enamel defects between these two
groups of children might include differences in terms of morbidity
from early childhood illnesses, 'the caries status of the deciduous
dentition, nutrition and genetic factors. The., relationship between
the type of housing and the prevalence of enamel defeats, however,
was further complicated by the finding that significantly more defects
were found in the children who were examined in,the sumner term of 1979
than in those who were seen in the autumn term.
Because of the need to enter the schools when it was convenient
to the teaching staff, which was influenced by examinations, strikes
and other administrative difficulties, the schools from different types
of districts were not evenly distributed between the two terms. Thus,
unfortunately, more children from districts which had predominantly
council-housing were seen in the summer term than in the autumn term.
If there was a true relationship, therefore, between enamel defects
and social status, as measured by the type of houses in which the
subjects lived, a greater proportion of chilren.examined in the first
term might be expected to have enamel defects. Consideration, however,
must be given to the possibility of a change in examination criteria
between the two terms. Overall the intra-examinerreproducibi1ity of 73.5 per
cent for discolouratioris was acceptable and iasomparable to that of
Murray and Shaw (1979). The reproducibility for hypoplasia was 87 per cent
this was more consistent because of the tactile as wefl as the visual
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diagnosis of hypoplasia. The percentage reproducibility was generally
consistent throughout the schools. When the mean number of enamel
defects were compared in the different schools, only one school was
found to have a significantly lower number of defects per child than
some of the other schools. This was the last school to be examined
and there was an exceptional amount of disruption during the course
of the dental inspections. Also, less than 3 per cent of the children
examined at this school lived in council housing. It would appear,
therefore, that there was a small, but significant, difference between
the prevalence of enamel defects in the two groups of children living
in different types of housing.
3.3.6. The aetiology of the enamel defects
Data on the possible aetiology of the enamel defects was recorded
only on the basis of the clinical appearance to provide additional
descriptive information about the defects. Thus, it was possible
to make a clinical diagnosis of the aetiology for less than 4 per cent
(7l of those with defects.
Tetracycline staining was found in 1.6 per cent of the sample. Other
studies of schoolchildren have reported prevalences of discolourations
due to tetracycline which ranged from 0.4 per cent to 2.3 per cent CBullen,
1963; Frankel and Hawes, l964 Ulvestad et al., 1978). In a study of
extracted teeth, however, Stewart U968 recorded clinically obvious
tetracycline staining in 7 per cent of first permanent molars. When the
extracted teeth were examined histo1ogical1y, 55 per cent showed positive
evidence of tetracycline having been received on at least one
occasion during the first decade. In the present study, the majority
of subjects with tetracycline staining lived in three areas and it
s probable that in each of the three areas the children attended the
same medical practitioner. who administered the tetracycline.
Six cases were recorded of the genetically determined condition
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"snow-capped" teeth, where white patches are found on the majority of
the teeth, but are confined to the incisal edge of the anterioI teeth
and the occiusal enamel in the posterior teeth. This condition has
been described by Witkop and Rao (19711 and Winter and Brook (1975)..
Also, two cases were recorded of hypoplastic forms of amelogenesis
imperfecta. Witkop et al. (1958). found in a study of Michigan children
that all inherited enamel defects taken together occurred only once in
14,000 to 16,000 chIldren, a much lower prevalence than in the present
study.
Interestingly, where tetracycline, systemic disease, or genetic
factors were thought tobe the cause of the defects, it was in those
children who had a large number of affected teeth. These factors,
therefore, contributed to the characteristics which made these
children "different" from the rest of the sample.
A detailed investigation of the possible aet.o1ogy of some of
the enamel defects, and in particular the hypoplastic defects, was
carried out in the family study.
3.3.7. The draft F.D.I. index
Using the F.D.I. index, 62 per cent of the 47 children sampled were
found to have enamel defects. This was slightly lower than the
prevalence reported in the main study. However, only a small group
of children were sampled and the trial was conducted in a school
which was different from othersin the area inasmuch as many of the
children lived outside Havering. The tooth. prevalence of enamel
defects and the type of defects recorded were similar to thos found
in the main study. The draft index, however, did not differentiate
between horizontal and vertical grooves and there was no code for
teeth which were to be excluded from the analysis because of caries
or restorations. These comments were noted by the F.D.I. Working
Group on Enamel Defects and the final index was modified accordingly
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(F.D.I,, 19821.
Generally, the F.D.I. index was found to be practical and easy
to use. In the future it should prove to be very valuable for assessing
the prevalence and severity of enamel defects in different populations.
Because of the similar criteria, results from studies uing the FSD.X.
index may also be compared with results from the present study.
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CEAPTER 4
A FAMILY STUDY OF THE AETIOLOGY OF THE ENAMEL HYPOPLASIA
FOUND IN A SAMPLE OF HAVEIING SCEOOLCBILDREN
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4.1. MATERIPLS ND METHODS
4.1.1. General plan
A family study was conducted to gain information about the
aetiology of the enamel hypoplasia found in members of the
prevalence study.
4.1.2. Approval
Approval to carry out the family study was obtained frcm
the London Hospital Ethical Committee. In addition, permission
was gained from Barking and liavering Area Health Authority and
individual consent was sought from each family visited.
4.1.3. The sample
The sample consisted of two groups; the.. index cases and
their families and a control group of subjects and their families.
a The index cases
Because of the. numbers involved and the shortage of
available time, not all, the children with enamel hypoplasia
in the prevalence study were selected for the family study.
Instead, the index cases, or probands 1 1 .were defined as
children who had enamel bypoplasia of two or more teeth and
who had a total of ten or more erupted permanent teeth.
Approximately 50 per cent of the children identified as
having enamel hypoplasia in the prevalence study fulfilled
the criteria, and these 125 children were selected as the
index cases.
b).. The controls
The controls were. a matched sample of subjects, identified
from the prevalence study, who had at least..ten erupted permanent
teeth, but did -not have two or more hypoplãstic teeth.. These
subjects were matched with.. the index cases4n.regard to age,
sex, social class, school and the area in-which they lived.
An index case, or proband, is the affected individual who first came
to attention and brings the family to study (McKusick, 1969),
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ci- The families
As many as possible of the first degree2 relatives
of the index cases and controlswere included in the study.
In order to carry out a thorough genetic analysis it would
be necessary to examine other degrees of relatives, but
this was impracticable in the present investigation. However,
it was felt that valuable information would be gained from the
study of first degree relatives and this could provide a basis
for further investigations.
4.1.4. General method
The author visited each family at home and carried out a dental
examination of the index case, or control, and all the available first
degree relatives. rn addition, an interview schedule was completed
for each index case, control. and sibling. Only siblings with erupted
permanent teeth were included in the study.
4.1.5. Organisation of the visits
The visits took place from February to September 1980. Where
possible, people living in the same area were visited during the
same week. An introductory letter, explaining the purpose of the
study, assuring confidentiality and asking for permission to examine
the family,., was sent to the parents the week before the proposed visit.
A letter of thanks was sent to each family which participated in the
study (Appendix 4)..
4.1.6. The examination technique and criteria
Apart from the subjects being examined at home, the examination
methods and criteria were the same as those used in the preva1ene
study. Because of the difficulty of carrying heavy equipment, the
compressor and air .syringe -were not used, but the teeth were dried
by means of a chip syringe. Also, the best light source in the subject's
home was used complemented by Search. Bright dental mirrors. All the
2First degree relatives are the parents and siblings of the subject.
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examination results were recorded using a cassette tape recorder.
4.1.7. The interviews
A sttuctured interview was conducted with the parents about each
of their children. An interview schedule (Appendix 5) was completed
by the author for each index case, control and sibling. The questions
gained information on the following factors:
a) Occupation of head of household
b	 Duration of residence in area and previous place Cs). of
residence
c) medical history - childhood illnesses
- hospitalisation
- early drug therapy
d). Dental history - fluoride tablets
- traa to deciduous teeth
- infected deciduous teeth
e) Other details - age of parents at birth of child
- maternal illnesses during pregnancy
- birth weight
- birth order
4.1.8. Data processing and analysis
The data recorded- from the examinations were transcribed onto
survey forms and they were then transferred to forms from which punch
cards could be prepared with ease. Similarly, the information on the
interview schedules was coded and transferred to the computer punching
forms • Six punch cards were prepared for. each subj ect. Each transcrip-
tion stage was carefully checked for errors. The information onthe
cards was read into a computer where it was stored and partly analysed
-	 using the Statistical Package for the Social Sciences. Pedigrees were
then drawn up for each family to help identify genetically determined
forms of enamel hypoplasia. The index cases and their matched controls
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were compared and the possible genetic and environmental factQrs
contributing to the aetiology of the different types of enamel
hypoplasia were assessed using the information from the pedigrees
and the interviews.
4.1.9. Calibration procedure
Repeat examinations were not carried out in the family study,
but a comparison was made between the results obtained for a number
of index cases and controls in the prevalence study and the results
obtained for the same subjects in the family study. Ten index cases
and ten controls were selected for this comparison using random
number tables.
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4.2. -RESULTS
4.2.1.	 The response
Members of the families of 101 (81 per cent) index cases and
102 (82 per cent) controls were interviewed and examined. Forty
families refused to take part in the study for a variety of reasons
including lack of time, illness and the feeling that the study was
"an invasion of privacy", A further seven families could not be
traced in spite of extensive inquiries. A total of 88 matched paired
families (70 per cent) participated in the study.
4.2.2. The age and sex distribution of the study families
Tables 4.1 and 4.2 illiustrate the age, sex and relationship of
members of the study families. The ages of the index cases and
controls were comparable, with a mean of 13.6 years in each group.
Similarly, ,the mean age of the siblings of the index cases was 13.8
years and that for the control siblings, 14.6 years. Also, the
parents in the two groups had similar mean ages, with the fathers
being slightly older than the mothers.
The numbers of children per family ranged from 1 to 8. The
mean number of children in the index case families was 2.6 and 2.5
in the control families. The modal number of children per family
was 2. Similarly, the mean birth number of the index cases and
control subjects was 2. Seven per cent of the index cases and 5
per cent of the controls Lived i.n households with only one parent.
4.2.3. The districts in which the children lived
Table 4.3 illustrates the districts in which the chi1dre lived.
Approximately 50 per cent of the children in each group lived in
privately owned housing and 50 per cent in council housing. The
majority (9 per cent) of the index cases had always lived in Eavering;
18 per cent had moved to liavering from the East End of London and 12
per cent had Lived in other low fluoride areas of the country. One
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family, including one index case and two siblings, had lived abroad
in an area which was suspected as having a high water fluoride level.
Similarly, 72 per cent of the controls had lived all, their lives in
Havering, 11 per cent had previously lived in the East End of London
and 17 per cent had lived in other low fluoride areas.
4.2.4. The social class distribution of the children
Table 4.4. illustrates the social class distribution of the
children according to the occupation of the head of the household.
There was a similar distribution for the index cases and controls;
69 per cent of the index cases and 61 per cent of the controls
belonged to the manual social classes.
4.2.5. The general dentar status of the families
Tables 4,5 and 4.6 illustrate the mean and median numbers of
permanent teeth clinically present in the members of the index case
and control families respectively. The two groups were very similar,
but more parents in the control group were edentulous than were parents
of the index cases. Twenty-eight (.17 per cent) parents of controls
were edentulous compared with 13 (8 per cent) parents of index cases,
this difference was statistically significant
	 = 6.43 with 1
degree of freedom: p ( 0.02).. Because of the large amount of tooth
loss among the parents, the results of their dental examinations were
treated with caution because of the likelihood of teeth with enamel.
hypoplasia having been extracted.
4.2.6. The prevalence of enamel hypoplasia among the index cases
The majority (76 per cent). of index cases had only 2 or hypo-
plastic teeth, but two subjects did have more than 20 teeth with enamel
hypoplasia (Table 4.7). The index cases also had a high prevalence of
discolouration defects with a mean of 8.2 (standard deviation 7.5).
discoloured teeth. per child.
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4.2.7. The aetiology of the enamel hypoplasia found in the index cases
In order to investigate the aetio].ogy of the enamel hypoplasia in
the index cases, the children were divided into groups according to
the type of defects found in the dentition (Table 4.8. By grouping
the children in this manner, the confounding effects of heterogeneity
were minimised.
Group 1 - Index cases with amelogenesis imperfecta
Four of the index cases were diagnosed clinically as having one
of the "classical" forms of amelogenesis imperfecta. All the permanent
teeth of these children had severe enamel defects and the number of
hypoplastic teeth ranged from 9 to 28 per child. None of the children
gave histories of severe childhood illnesses and none of them had lived
in areas with high water fluoride levels. Three of the subjects, all
boys, had opaque white teeth with generalised pitting and horizontal
grooves on the buccal surfaces. One parent and one sibling in the
families of each of these cases had similarlyaffected teeth. ,The fourth
index case in this group, a girl, had large areas of enamel missing
from all her permanent teeth.. The anterior teeth were thin and had a
granular appearance, whereas the posterior teeth felt smooth on probing
and were discoloured brown on their buccal aspects. The teeth were
only slightly smaller than "normal" and they met at their contact points.
This girl's brother and parents did not have similarly affected teeth,
but a female cousin was reported as having severe enamel hypoplasia.
Only two control families were examinedin this group. In each
family, one child had minor enamel discolourations whilst the other
relatives had no enamel defects. These results, however, contributed
no extra information about the aetiology of the enamel hypoplasia in
the index cases which was clearly determined as having a genetic origin
from the clinical examinations and family histories.
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Group 2 - Index cases with- chronological hypoplasia
Eighteen index cases had enamel hypoplasia which could be related
to a systemic illness. The most coimnon defects were narrow horizontal
grooves on the anterior teeth and rough. areas of missing enamel on
the posterior teeth. Only teeth. which were developing at the time
of th.e upset were affected. The mean number of hypoplastic teeth
was 5.6 (standard deviation 2.7). with a range of 2 - 11. Unlike the
previous group, the sites of the defects varied according to the tooth
type and depended on which part of the tooth was developing at the time
of the illness. This type of hypoplasia may be called chronological
hypoplasia. White or brown discolourations were often associatec with
the hypoplastic defects or they occurred without hypoplasia on other
teeth which were developing at the time of the disturbance. Five
subjects had tetracycline staining but, interestingly, only in three
instances could the parents recall their children being given anti-
biotIcs. The illnesses which-were relatedtothe enamel hypoplasia
were mainly severe infections contracted at an early age and , in
particular, within the first three years of life. The illnesses
includeth measles,. chickenpox, recurrent "sore throats", ear
infections, meningitis and asthma. Only 9 (32 per cent). of the
dentate parents and 5 t24 per cent). of the siblings of these index
cases had a number of bypoplastic teeth. In most cases only one or
two teeth-were affected and,there were no obvious causes for the
defects. One father had a number of teeth with narrow hypoplastic
grooves which were probably related to an early systemic illness.
Thus, as might be expected, when illness was the cause of the enamel
defects, the type of enamel hypoplasia found in the index cases was
not found in other family members unless they too had suffered a severe
illness when their permanent teeth. were forming. Indeed, when the
sixteen control families in this group were compared with their matched
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index families, the prevalence of hypoplasia among the first degree
relatives was 27 per cent .ri each group. The medical histories of the
controls revealed that they had suffered from similar illnesses
to the index cases, but generally at a later age and in particular
when they were of school age. Two controls, however, suffered
severe illnesses during their first three years of life, but they
had no enamel defects.
Group 3 - Index cases with enaiel hypoplasia of only the lower central incisors
Twenty-two index cases had hypoplasia of only the lower central
incisors. This type of hypoplasia consisted of small, smooth areas
of missing enamel, or pits, involving the middle and/or the incisal
thirds of the..buccal aspects of both these teeth. Discolourations
were rarely associated with. the defects. None of these subjects gave
a history of trauma to the lower deciduous incisors, but three were
reported to have had accidents at an early age to the upper deciduous
incisors. Forty-two per cent (13). of the dentate parents and 29 per
cent (.6X. of the siblings of..these index cases had a small number of
hypop].astic teeth, but generally there was no obvious pattern to the
distribution of the defects. Three parents and two siblings had
KypoplasIa of the lower central incisors similar to that found in the
index cases. In addition, two parents and three siblings had hypoplasia
of one lower central incisor.
Only 15 matched pairs of families were available in this group.
There was a higher prevalence of enamel hypoplasia among the first
degree relatives of the index cases (38 per cent) than among the
first degree relatives of controls.(19 per cent), this difference,
however, was not statistically significant (.%2 = 3.7 with one degree
of freedom: p > 0.05)., The hypoplasia round in the control families
only involved a small number of teeth and had no set pattern.
From a study of the pedigrees of the index cases there was no
evidence for a simple Mendelian aetiology for bilateral hypoplasia
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of the lower incisors. However, the higher prevalence of the
condition among the first degree relatives (9.6 per cent) than
among the subjects in the prevalence study (1.4 per cent) and the
lack of the condition among the relatives of the controls would
suggest that this type of hypoplasia had a familial tendency.
The possibility of the condition having a multifactorial basis
was considered. A xnultifactorial aetiology implies that the cause
is partly environmental and partly due to the effects of many genes
each of small effect (Emery, 1976). If the condition is inherited
on a mu].tifactorial basis it is useful to estimate the heritability
2(h L, which is the proportion of the total phenotypic variance
which is due to additive genetic variance. The greater the value
for the heritability the greater the contribution of genetic factors
to aetiology. The heritability may be calculated accorling to Method
I in Falconer (1956). (Appendix 6).. Using this method, the heritability
for bilateral bypoplasia of the lower central incisors was found to
be 70 per cent (standard error 38 per cent). Because of the small
numbers involved and the large standard error this estimate for the
heritability must be viewed with.caution. Rowever, it does appear
that genetic factors contribute significantly to the aetiology of
this type of hypoplasia. Further investigations on a larger sample
of individuals would be needed to assess the heritability more
accurately
Group 4 - Index cases with hypoplasia of only first permanent molars
Eighteen index cases had enamel hypoplasia of only the first
permanent molars. In each subject, 2, 3 or 4 teeth were affected
and in the majority of cases the hypoplasias were associated with
brown discolourations. -The defects involved the occiusa]. surface
andJor the occiusal thirds of the smooth surfaces of the first molars.
Some subjects also had discolourations, mainly white patches, on other
teeth, but there was no particular pattern to the distribution of these
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discolourations. Seven (.39 per cent) index cases in this group
were reported to have had childhood infections at an early age.
Eight (44 per cent) subjects had histories of repeated "sore
threats" and 5 (28 per cent). had had tonsillectomies. One
subject had rhesus incompatability at birth, but none of the
subjects were reported to have suffered from birth trauma. The
lowest birth weight among these index cases was 5 lb 7 oz. Systemic
illnesses, therefore, were probablr involved in the aetiology of
the hypoplasia in some members of the group, but for a number of
subjects no such illnesses could be identified. The possibility of
genetic factors being inro1ved in the aetiology of this type of
enamel hypoplasia was considered. Only one sibling, however, had
hypoplastic first molars and no parents had similarly affected teeth,
although unfortunately many had had their first molars extracted.
Sixteen matched pairs of families were available for comparative
purposes, but there was no significant difference in the type or
prevalence of enamel hypoplasia found in the first degree relatives
of the two groups. 30 per cent of the first degree relatives of
index cases had enamel hypoplasia and 28 per cent of the relatives
of controls. There was generally no apparent pattern to the dis-
tribution of defects in these relatives except for three subjects
who had horizontal grooves which could be definitely related to
early systemic disease. There were, therefore, no obvious genetic
factors involved in the aetiology of the enamel hypoplasia which
only occurred on the first permanent molars.
Group 5 - Index cases with enamel hypoplasia only involving premolars
Fourteen index cases had enamel hypoplasia of a number of premolars,
with no other teeth similarly affected. The defects involved the
occiusal surface andJor the occiusal third of the smooth surfaces.
Many of the hypoplastic areas were discoloured brown and, interestingly,
eleven index cases also had ten or ore teeth discoloured by white
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flecks or patches. Four subjects were reported as having had
abscessed, or badly decayed, deciduous teeth at about the age of
three, which probably caused the hypoplasia. No histories which
could be associated with the defects could be obtained from the
other ten index cases. Many parents, however, found it difficult
to recall details of their children's early dental histories.
As many as 44% of the first degree relatives of the index
cases had enamel hypoplasia compared with only 18 per cent of
the relatives of controls (7_2 = 6.1 with 1 degree of freedom:
p (0.02).. There was no obvious relationship between the hypoplastic
premolars found in the index cases and the varying types of defect
found In their relatives. Nevertheless, the difference in the
prevalence of hypoplasia found in the relatives of the index
cases compared with that in the relatives of controls might
indicate a familial tendency towards the formatioi of hypoplastic
teeth.
Group 6 - Index cases with other forms of enamel hypoplasia
Twenty-five index cases could not be classified according to
one of the previous groups. These subjects had only a small number
of hypoplastic teeth, the mean number for the groupbeiflg2.7 and
the. median, 2. One subject who had hypoplasia of the upper central
incisors, gave a history of trauma to the deciduous incisors, but
for the majority of subjects, there was no apparent aetiology and no
pattern to the distribution of the defects. Thirty-six per cent of
the first degree relatives of the index cases had hypoplasia bompared
to 29 per cent of the relatives of controls, but this difference was
not statistically significant. As with. the index cases, the bypoplasia
found in both groups of relatives only involved a small number of teeth
and, except for one case of chronological hypoplasia, had no obvious
pattern or aetiology.
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4.2.8. Comparison of main study and family study results in a group
of randomly selected children
A comparison was made between the results obtained for ten
index cases and ten controls in the main study and the results
obtained for the same subjects in the family study. Considering
all types of enamel defects together: 144 defects were diagnosed
on individual tooth surfaces during both the main study and the
family study. A further 41 surfaces were diagnosed as having
defects at one examination, but not at the other. As in the main
study, the method described by Murray and Shaw (1979) was used to
determine the reproducibility of diagnosis. Thus the percentage
reproducibility between the main study and the family study was:
_______ x 100 = 78 per cent.
144+41
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TABLE 4.1: THE AGE AND SEX DISTRIBUTION OF THE FAMILIES OF THE INDEX CASES
RELATIONSHIP	 NUMBER	 AGE IN YEARS
MEAN	 S.D.	 MEDIAN
Index cases
	 Male	 101	 13.6	 1.7	 14.0
Female	 57).-
Siblings	 Male 63)119	 13.8	 4.3	 14.0
Female 56)
Fathers	 72	 43.7	 7.4	 42.8
Mothers	 93	 39.9	 6.1	 39.6
TABLE 4.2: THE AGE AND SEX DISTRIBUTION OF THE FAMILIES OF THE CONTROLS
RELATIONSHIP	 NUMBER	 AGE IN YEARS
MEAN	 S.D.	 MEDIAN
Controls	 Male	
-lo2	 13.6	 1.9	 14.1.
Female	 59)..
Siblings	 Male	 129	 14.6	 5.3	 13.8
Female 56).
Fathers	 73	 43.6	 7.].	 42.1
Mothers	 91	 41.0	 7.].	 39.2
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TABLE 4.3: TUE AREAS IN WElCH- THE INDEX CASES, CONTROLS AND
THEIR SIBLINGS LIVED
DISTRICT	 INDEX CASES	 SIBLINGS	 CONTROLS	 SIBLINGS
No.	 No.	 %	 No.	 %	 NO.
UPMINSTER	 4	 4	 4	 3	 5	 5	 6	 5
CRANHAN	 5	 5	 7	 6	 8	 8	 9	 7
HORNCHURCH	 10	 10	 14 12	 10	 10	 15	 12
GIDEAPARK	 4	 4	 4	 3	 5	 5	 4	 3
ROMFORD	 13	 13	 12 10
	 15	 15	 13	 10
COLLIER ROW	 8	 8	 14 12	 7	 7	 7	 5
HAROLD WOOD	 5	 5	 4	 3	 5	 5	 6	 5
HAROLD HILL 26	 26	 37 31	 22	 22	 36	 28
ELMPARK	 3	 3	 3	 3	 4	 4	 1	 1
RAINHAN	 22	 22	 20 17
	 21	 21	 32	 25
OUTSIDE
HAVERING	 1	 1	 0	 0	 0	 0	 0	 0
TOTAL	 101	 100	 119 100
	 102 100	 129 100
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TABLE 4.4: THE SOCIAL CLASS DISTRIBTYION OF THE CHILDREN
SOCIAL CLASS	 INDEX CASES SIBLINGS	 CONTROLS SIBLINGS
	
No.	 % No.	 No.	 % No.
I	 3	 3	 2	 2	 5	 5	 5	 4
II	 9	 9	 7	 6	 1].	 1]. 14	 U
III non-manual	 14	 14 16	 13	 14	 14 15	 12
III manual	 48	 48 58	 49	 45	 44 65	 50
IV	 15	 15 17	 14	 16	 16 19	 15
V	 6	 6 10	 8	 1	 1	 1	 1
Unclassified	 6	 6	 9	 8	 10	 10 10	 8
TOTAIa	 101	 100 1L9 ].O0	 102 100 129 100
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TABLE 4.5: THE NUMBER OF TEETH. CLINICALLY PRESENT IN THE FAMILIES
OF THE INDEX CASES
RELATIONSHIP	 NUMBER OF TEETH CLINICALLY PRESENT
MEAN	 S.D.	 MEDIAN	 RANGE
INDEX CASES	 24.7	 4.9	 27.1	 12w28
SIBLINGS	 22.2	 7.4	 26.0	 1-28
PARENTS	 20.3	 7.6	 22.1	 0-28
TABLE 4.6: THE NUMBER OF TEETH- CLINICALLY PRESENT IN THE FAMILIES
OF THE CONTROLS
RELATIONSHIP	 NUMBER OF TEETH CLINICALLY PRESENT
MEAN	 S.D.	 MEDIAN	 RANGE
CONTROLS	 24.3	 5.2	 26.5	 10-28
SIBLINGS	 22.2	 7.5	 25.7	 1-28
PARENTS	 18.7	 9.7	 22.6	 0-28
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TABLE 4.7: THE NUMBER OF RYPOPLASTIC TEETH PER CHILD
AMONG THE INDEX CASES
NUMBER OF HYPOPLASTIC TEETH
	
NUMBER OF INDEX CASES
2
	
53
3
	
24
4
	 9
5
	
4
6
	
2
8
	
4
9
	
1
10
	
1
11
	
1
23
	
1
28
	
1
TOTAL
	
101
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TABLE 4.8: THE TYPES OF ENANEL HYPOPLASIA FOUND IN TEE INDEX CASES
GROUP	 TYPE OF ENAMEL YPOPLASIA
	 ABTIOLOGY	 NUMEER OF
INDEX CASES
1	 Amelogenesis imperfecta
	 Inherited single
	 4
gene defects
2	 chronological hypoplasia
	 Systemic ill-	 18
nesses
3	 Bilateral hypoplasia of
	 Probably in-	 22
the lower central incisors
	 herited on a
multifactorial
basis
4	 Hypoplasia only Involving
	 Probably systemic	 18
the first permanent molars
	 disturbances at,
or soor after,
birth
5	 Hypoplasia only involving	 Due to local
	 14
the preinolars 	 infection in 4
cases, but other-
wise idiopathic
6	 Miscellaneous types of
	 Generally idio-	 25
hypoplasia involving small	 pathic except
numbers of teeth with no 	 for one case due
set pattern of distribution to local trauma
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4.3. DISCUSSION
4.3.1. The response to the family study
There was a good response by the families; 81 per cent
of those contacted willingly participated in the study. The
subjects found the interviews and examinations acceptable, but,
understandably, many of the parents found it difficult to recall.
details of their children's early medical and dental histories.
Although the home examination conditions were not always as good
as those experienced in the main study, the 78 per cent reproducibility
of diagnosis between the two studies was considered to be quite acceptable.
4.3.2. General characteristics of the study families
The families were dIstributed throughout the }Iavering area, with
similar numbers of index cases and controls living in each district.
The age and sex structures of the index case and control families were
also very similar. The information on social class was more reliable
than that gaIned in the preyalence study as it was obtained from the
parents rather than from their children; 69 per cent of index case
families and 61 per cent of control families were classified as
belonging to the manual social classes. As far as could be ascertained,
there were no major environmental differences between the index case
and control families.
4.3.3. The aetiology of the enamel hypoplasia found in the index cases
The index cases were divided into six groups according to the type
of enamel hypoplasia found in the dentition. Four index cases (Croup 1)
had one of the "classical"forms of amelogenesis imperfecta. .'These
children had between 9 and 28 hypoplastic teeth an6 all their permanent
teeth had discolouration defects. Three of these index cases had first
'l '
	 degree relatives whose teeth -were similarly affected. Interestingly,
only two index cases were diagnosed as having amelogenesis imperfecta
during the main study; the other two were identified only when they
and their relatives were examined during the family study. Thus, the
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prevalence of hypoplastic forms of ame].ogenesis imperfecta, among
main study subjects who had ten or more permanent teeth, was 4 in
2,400 children. Witkop (.1958)..,in a study in Michigan, found that
all inherited enamel defects taken together only occurred once in
14,000 to 16,000 children. These authors, however, only examined
families of children suspected as having amelogenesis imperfecta
in their prevalence study they did not follow up all children
wIth- enamel hypoplasia.
The "classical" type of amelogenesis imperfecta are caused
by single genes which segregate according to Mendel's laws.
In the present study, the condition which was characterised by
opaque white teeth and pitting defects was similar to the "Type
Iir" hypoplastic form of anielogenesis imperfecta described by
winter and Brook (.1975)... Each. of the three index cases with this
type of amelogenesis imperfecta had an affectec parent and sibling,
which would agree with an autosomal dominant nde of inheritance.
As the- affected subjects In the family study had opaque white teeth
as well as pitting defects, this would suggest that the teeth were
hypomineralised as well as hypoplastic.
The gir1with amelogenesis imperfecta who had no affected
first degree relatives had a condition unlike any reported by
Schuize (.1970)., Witkop and Rao C1971). or Winter and Brook (1975).
It is possible that she had either a dominant mutation, or a
recessively transmitted form of ainelogenesis imperfecta. To make
a more accurate assessment of the mode of inheritance of these
defects, other degrees of relatives would need to be examined.
Eighteen index cases (group 2).. had enamel defects which
could be.
 related to a systemic disease whichoccurred at the time
when the affected teeth were forming. The illnesses ranged from
measles to meningitis and were generally reported by parents to have
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been severe. The majority of these illnesses occurred during the
first three years of life. The st commonly affected teeth were
the incisors and first nolars, teeth. which begin to form at, or
soon after, birth and are therefore particularly susceptible to
severe childhood illnesses (Pindborg, 1970). A number of parents
and siblings also had defects which could be related to systemic
illnesses. Interestingly, a number of controls were reported as
having severe illnesses early in childhood, but they had no enamel
hypoplasia. Many authors have reported the occurrence Qf enamel
defects following severe illnesses and these have been discussed
in detail in Chaprter 2. From the present study it would appear
that the process of amelogenesis was more susceptible to disruption
in some children than in others and therefore some children had
hypoplastic teeth. following severe illnesses whilst others did not.
Twenty-two index cases had bilateral hypoplasia of the lower
central incisors CGroup 3. The results from the family study
suggested that this condition had a familial tendency and that
it probably had a multifactorial mode of inheritance. These
findings, however, should be treated with caution because of the
small numbers of relatives examined and because it was difficult
to assess accurately the environmental factors which could affect
these teeth. For example,. a toddler might fall and injure his lower
deciduous incisors, and their successors, without his parents'
knowledge, or his parents might fail to recall such an incident
at a later date. Andreasen and Ravn C1973) concluded from a study
of Danish children that 10 per cent of enamel hypoplasias in anterior
teeth- were due to trauma, The majority of enamel defects resulting
from trauma, however, are discolourations and those which are
hypoplastic usually have associated areas of discoloured enamel
(.Andreas.en et al., l971L. One of the features of the index cases
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with bilateral hypoplasia of the lower central incisors was that
the defects were rarely discoloured. This finding, together with
the absence of a positive history of injury, suggests that the
enamel hypoplasia in Group 3 subjects was not primarily due to
trauma and lends support to the hypothesis that the condition
had a multifactorial mode of inheritance.
Eighteen index cases had enamel hypoplasia of only the first
permanent molar IGroup 4. Generally, the occiusal surfaces and
the occ].usal thirds of the smooth surfaces of these teeth were
affected. These areas would have been forming at, or soon after,
birth and therefore an incident occurring in the first few months
of life might be expected to be the cause of the defects. However,
no genetic factors and no specific illnesses could be identified
with the aetiology of these defects. Some children in Group 4 did
give histories of repeated "sore throats" and it is possible that
these illnesses occurred soon after birth and were severe enough
to disrupt the process of alDelogenesis. Another hypothesis might
be that the first few weeks of life were simply too traumatic for
groups o active aineloblasts which- failed to survice, thus causing
enamel hypoplasia of the occiusal surfaces.
The children in Group 5 had hypoplasia of a number of their
premolars. In four instances this could be related to a history
of infection in the deciduous dentition. Enamel defects in permanent
teeth following infection of their deciduous predecessors have been
reported by a number of authors (c.f. Section 2.4.2).. For thee
majority of subjects in this group, however, no aetiology could
be found for the hypoplasia. Similarly, the majority of subjects
in Group 6 had only a small number of hypoplastic teeth and in most
cases there was no obvious cause. for the defects. One subject did
have a history of trauma to his deciduous incisors, but there were no
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other similar cases, probably because local trauma often involves
single teeth and children with. only one hypoplastic tooth were not
included in the sample.
This small family study illustrated some of the numerous
and diverse factors which may be involved in the aetiology of
enamel hypoplasia. It also illustrated the difficulty which may
be experienced in defining an exact cause for many enamel defects.
In general, it was easier to identify.the aetiology when a large
number of teeth were involved, for example in those children with
ainelogenesis imperfecta and chronological hypoplasia. Possible
genetic and environmental factors were implicated in the aetiology
of other types of hypoplasia, but further investigations would be
needed to identify positively these factors.
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SECTION B.
CHAPTER 5
THE HISTOPATFtOLOGY OF DEVELOPI4ENTAL ENAMEL DEFECTS
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5.1. REVIEW OF THE LITERATURE
5.1.1. Amelogenesis and the structure of enamel
"Normal" enamel is a shiny, off-white, semi-opaque layer which
covers most of the working surfaces of the teeth of mammals. The
main components of enamel are cAlcium hydroxyapatite , Water and proteins
which apparently have no equivalent elsewhere. The singular feature of
the enamel constructed from these materials is that it has important
properties possessed by neither of the two main components; in particular
it is remarkably resistant to brittle fracture (Boyde, l976.
Enamel is the secretory product of cells which differentiate
from the oral epithelial ingrowths which form the basis of tooth
germs. Although the whole enameL organ is involved to some degree
in enamel formation, it is only the cells of the inner enamel epithelium
which are in contact with. the developing tissue and which secrete the
materia1s for the developing enamel (Boyde, 1976). Thus, once the
initiation and morphogenesis of a given tooth germ is complete and the
enamel epithelia have fully differentiated, two major processes are
concerned in the development of dental enamel; matrix formation and
its subsequent minerailsation. The formation of the enamel begins
after a narrow layer of dentine. has been formed by the odontoblasts.
A little enamel is deposited in the region of the anelodentinal junction
before the Tomes' processes of the ameloblasts are formed, but
subsequent to their appearance the material for the enamel is secreted
through them.
It is now accepted that developing enamel contains a heterogeneous
system of proteins; the greater part of which is lost during completion
of mineralisation (Frank, l979. Eastoe (1960) found that protein
accounts for approximately 20 per cent of the total weight of human
foetal enamel. His characterization of the bulk protein showed an
unusual amino acid composition high in proline, glutamic acic, leucine
and histidine. The term "amelogenins" has been used for these proteins
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of unusual composition which predominate at an early stage of
mineralisation and presumably have a role in enamel formation, but
do not notably persist in mature enamel (Eggert et al., l973 Eastoe,
1979). Another term, "enamelins",has been used for these same
components (Mechanic, 1971), but to avoid confusion it wQuld seem
preferable to restrict this latter term to proteins in mature enamel,
thereby distinguishing them from those which predominate earlier
(Eastoe, 1979).
The proteins in developing enamel may be distinguished on
the basis of molecular weight (Eggert et a].., 1973). Recent
studies have shown that the main components are amelogenin in
nature with molecular weights of about 25,000 daltons (Eggert et
al., l973 Robinson et al., 1979, l982 Sasaki and Shimokawa,
197 9)... Smaller amounts at 16,000 - 18,000 daltons and at about
10,000 have also been identified. The proportion of smaller
molecular weight material has been shown to increase progressively
throughout the secretion stage and there is often a tendency for
smaller molecular weight material to persist in the maturing enamel
after most of the matrix has been withdrawn (Robinson et al., 1982).
Robinson et al. (1982) also detected traces of heavier material in
the region of 55,000 daltons and 70,000 daltons. The 55,000-dalton
material did not appear to be amelogenin in nature. Its amino acid
composition resembled that of material reported in developing enamel
by Termine et al. (1979). and was similar to the proteins related
to enamel "tufts" (Robinson et al., 1975).. Robinson et al. (1982)
found that the 55,000-dalton material persisted in the maturing•
enamel after most of the matrix had been withdrawn.
In human mature enamel the organic components, which are estimated
to be less than 0.3 per cent by weight, are mainly constituted by 58
per cent of proteins and 42 per cent of lipids with traces of sugars,
citrate and lactate ions (Eastoe, 1979).. Various protein concentrations
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have been described in adult enamel depending on the type of teeth
and on the depth in relation to the tooth surface (Weidmafln and Eyre,
1971). Glimcher et al., (1964 separated the middle third of enamel
by careful dissection. The composition of the total protein from
various fractions of mature. enamel varied somewhat, but they were
all high in glycine, serine, glutamic and aspartic acids and
leucine, with a low level of cystine. This pattern differs markedly
from the "ainelogenin" composition of young enamel, but has similarities
with the soft, low cystine keratins of epidermis and oral epithelium.
An insoluble protein of similar composition and well defined
morphology, similar to that of the histological "tufts" was obtained
by Weatherell et al. (1968). by demineralising mature human molar
enamel with trichioroacetic acid, It was subsequently investigated
in more detail by Robinson et al. (1975 who separated it from human
and bovine incisor teeth in much. smaller quantities, As small amounts
of similar proteins are also present in developing enamel, it would
appear that this "tuft protein" is selectively retained during enamel
maturation, but to different extents in different types of teeth
(Eastoe, 1979)...
At present, it is not clear whether enamel proteins belong to
a single or multi-component system. The difference may be largely
a question of semantics depending on the timing of protein breakdown
in the course of maturation (astoe, 1979).. It has been suggested,
on the basis of studies of the utilization of labelled amino acids
for protein synthesis, that ameloblasts synthesize only one species
of protein of very high. molecular weight. This is considered to
be subsequently broken down to the various amelogenin components
with molecular weights up to 15,000 daltons (.Fukae and Shimizu,
l974 Shimokawa and Sasaki, 1975). Eggert et al. (1973). lent support
to this idea by pointing out that, in molecular terms, the various
protein components are mutually reconcilable with respect to composition.
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The structure of the organic matrix may be thought of as a
thixotropic gel which provides a temporary home for growing enamel
crystals that is just sufficiently rigid to allow them to grow in
length and width relatively undisturbed (Fearnhead, 1963; Easthe,
1963; Boyde, 1976). The crystals of calcium hydroxyapatite secreted
in the organic matrix are long and thin, and, on average, they are
oriented perpendicularly to the surface of the developing tissue
(Boyde, 1976). Apart from the very earliest deposit, a prism
pattern can be distinguished.1n enamel and this pattern is produced
in relation to the Tomes t
 processes of the ameloblasts. Byde (1964),
Frank and Nalbandian (1967) and Osborn (1973} described three different
types of prism arrangement:
al Circular prisms separated by interprismatic enamel.
These may be found in human deciduous teeth and in early
cuspal enamel.
b). Parallel rows of prisms alternating with interprisinatic
enamel. These are uncommon but may occur locally in human
enamel.
c).. The so-called arcade form of enamel. This is the most
common variety found in humans. The prisms may be described
as having a "keyhole" outline shape.
In the differing types of prism formation the intraprismatic enamel
differs from the interprismatic enamel only in terms of crystal
orientation and not in composition. The prism boundaries, or junctions,
which delineate the individual prisms are themselves the resuLts of a
change in crystal orientation due to the changing orientation o the
surface of the developing enamel.
Based on micreradiography (allan, 1959; Angmar-Mnsson,- 1 971).,-
polarised light microscopy (Allan, 1959; Crabb and Darling, 1960;
Thyletrup et al., 1976). anc electronprobe x-ray emission microanalysis
CRosser et al., 1967).., it is now well established that the mineralisation
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of developing enamel is a continuous process. It follows immediately
after matrix secretion moving in a centrifugal wave from the amelodentinal
junction to the surface and from cusp tip to the cervical part of the tooth.
Thus, the concept of enamel mineralisation in humans being a two stage
process, as suggested by Diamond and Weinmann (1940), is no longer
accepted.
During the later stages of enamel formation there is a withdrawal
of a considerable amount of soluble protein, particularly amelogenins,
and water. This, in addition to the influx of mineral salts, increases
the relative inorganic content o the enamel. The withdrawal of water
and protein has been called "enamel maturation" (Boyde, 1976), but this
term has been used differently by various authors. During the final
process of enamel formation, the protein migrating back towards the
forming surface has been shown to accunulate at the prism junctions
(Boyde, 1976L.
The term "maturation" has been applied to the entire developmental
process from the initiation of the formation of the enamel matrix to
the final emergence of the mature tooth in the oral cavity (Allan, 1967).
This terminology, therefore, is rather confusing and it might be more
appropriate to preserve the term "maturation" to the final stages of
enamel formation as defined by Boyde (19761.
The rhythmic nature of enamel formation is illustrated by the
incremental lines of Retzius which are due to the successive apposition
of layers of matrix and represent pauses, or disturbances in the process
of enamel formation (Gustafeon and Gustafson, 1967). According to
Gustafson (19591 the altered lines of Retzius may arise from increased
mineralisation, decreased mineralisation, increased interprismatic
substance, changes in tIe organic matrix, reduction in length of the
individual prism segments, or variations in the zone between the
individual prism segments, Electron microscopic studies have not
indicated that crystals are absent from the growth lines, or even reduced
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in number, but it is possible that they are constricted or thinned
(Boyde, 1976). Boyde (1976) suggested that the incremental lines
might be merely accentuated cross striations with all the prism
margins taking an "?xtra large kink" owing to the change in the
rate of matrix production. Perikyinata, or circumferential wrinkles,
are the surface manifestations of the incremental lines and may be found
most prominently in the cervical enamel.
Localised, or generalised, disturbances may occur during enamel
formation (c.f. Section 2.4).. Such disturbances may cause defective
enamel formation which may result in enamel hypoplasia and br
hypomineralisation depending on the stage of amelogenesis which is
disturbed. Weinmann et al. (1945k suggested that an interruption,
or disturbance in the formation of the enamel matrix may result in
hypoplasia, whereas a disturbance in mineralisation results in hypo-
mineralisation. More recently, due to an increasing knowledge about
enamel formation, it has been suggested that hypoplasia occurs when the
secretory ameloblasts are disturbed and hyponiineralisation occurs when
the ameloblasts are damaged during their maturation phase (Suckling,
1980; Fearnhead et al., 1982; Robinson et al., 1982).
5.1.2. The histopathology of genetically determined enamel defects
In general, studies of the different types of amelogenesis imperfecta
have described the defects on the basis of their mode of inheritance and
whether they were hypoplastic orhypominera1ised (Weinmann et al., l945
Darling, 1956; Schulze, 1970; Witkop and Rao, 1971; Winter and Brook,
l975). (c.f. Section 2.4.1.)... Elals (1962j suggested that a definite
distinction between the hypoplastic and hypocalcifed forms was not
tenable as many defects are both. bypoplastic and hypomineralised. The
co-existence of bypop1.aia and hypomineralisatiOn in certain types of
axoelogenesis unperfecta, has been reported by a number of authors (Darling,
1956; Winter et al., 1969).,
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Degrees of hypomineralisation of the enamel less severe than those
described by Weinmann et a].. (1945) have been reported and these have
been termed hypomaturation (Witkop, 1965). Witkop and Sauk (.1971) reported
that hypocalcified enamel is very soft, whereas the enamel in hypo-
maturation defects is harder and tends to chip rather than wear away.
These authors maintained that hypocalcification defects involve the
enamel prisms whilst the hypomaturation defects involve the interprismatic
enamel where there is an accumulation of large amounts of organic material.
It was suggested that in the hypomaturation forms of amelogenesis imperfecta,
a genetic mutation may interfere with- the remobilization of the organic
matrix gel during the process of "maturation" (Witkop and Sauk, 1971).
In practice, because of the continuous nature of enamel mineralisation,
it may be difficult to determine whether a defect is due to hypomineralisation
or hypomaturation of the enamel, Indeed, other authors do not make the
distinction between these two types of disturbed mineralisation (Winter
et al., 1969; Schuize, 1970).
Table 5.1 summarises the structural characteristics of the major
forms of amelogenesis imperfecta as described by a number of different
authors and using the classification of Winter and Brook (.1975). The
table highlights the lack of information on the degree of enamel
mineralisation in the so-called hypoplastic forms of amelogenesis
imperfecta. Also, few reports have commented on the structure of
the dentine. This omission is rather surprising considering the now
well-known interrelationships between epithelium, mesenchyme and
neuroectoderm during amelogenesis and dentinogenesis (glavkin, 1979t.
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TABLE 5.1: THE CHAPACTERISTICS OF THE MZLTOR TYPES OF AMELOGENESIS IMPERFECTA
(Classification according to a modification ofthat cescrthed by Winter and
Brook, 1975)
TYPE OF AMELO-
	 CLINICAL AND RADIOGRAPHIC
	 HISTOLOGICAL CHARACTER-
GENES IS IMPERFECTA 	 CHARACTERISTICS	 ISTICS OF ENAMEL
Autosomaj. dominant,
thin and smooth
hypoplas ia
Autosomal dominant,
thin and rough
hypoplas ia
Autosomal dominant,
randomly pitted
hypoplas ia
Auto somal dominant,
localised hypo-
plasia
Small crowns, widely spaced.
Surface enamel: hard, shiny,
discoloured yellow to
yellowish-brown.
Radiographically - enamel
not visible.
Associated delay in, or
failure of, eruption of
teeth.
Occasional coronal resorp-
tion of unerupted teeth
and deposition of cementum
on crowns.
Small crowns, widely spaced.
Surface enamel: hard,
roughened with fine wrinkles
and pits. Discoloured
yellow to yellowish-brown.
Radiographically - thin
traces of enamel may be seen.
Normal sized crowns, spacing
in the arch often absent.
Surface enamel: Small pits
randomly deposited over
surface, their appearance
emphasised by extrinsic
stain. Molars and pre-
molars may have a pebbled
appearance. Normal coloured
enamel.
May affect only the decid-
uous teeth-, or both den-
titions. The defects are
found most commonly in the
primary molars.
Surface enamel: shows pits,
horizontal grooves, or one
large hypoplastic area
- -particularly affecting the
middle third of crown.
Very thin enamel,
homogenous appearance,
little evidence of
prism formation,
occasional incremental
lines1'2'3,
Enamel particularly thin
on lingual aspects. Some
enamel shows a normal
prismatic structure,
other areas have a lamellatedg
appearance.
Patchy areas of hypomineral-
isation may be
evident ' ' ' '
Normal thickness of enamel
in permanent teeth. Random
pitting over surface.
Normal prismatic structure,
Deciduous teeth may have
thin and smooth enamel2'3,
Thin enamel in hypoplastic
areas otherwise normal
thickness of enamel with
normal prismatic
structure2,3.
X-linked dominant
hypoplas ia
Autosomal dominant
hypoca icification
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TYPE OF AMELO-	 CLINICAL AND RADIOGRAPHIC HISTOLOGICAL CHARACTER-
GENESIS IMPERFECTA	 CHARACTERISTICS	 ISTICS OF ENAMEL
Variability of defect
between sexes.
In males - small crowns,
widely spaced. Surface
enamel: hard, granular
in appearance, discoloured
yellow to yellowish-brown.
Radiographically - enamel
not visible.
In females - crowns may
be slightly smaller than
normal. Surface enamel:
hard, unevenly distrib-
uted over crowns in the
form of vertical ripples
consisting of alternating
bands of normal thick and
hypoplastic thin enamel.
Radiographically: some
irregular enamel may be
seen.
An associated anterior
open bite may be present.
Normal sized crowns.
Surface enamel: dull,
lustreless, opaque white,
honey coloured or light
brown. Soft, smooth
enamel which may be
rapidly worn away.
Radiographical ly: little
distinction between
enamel and dentine due
to lack of radiographic
contrast,
In males - very thin enamel,
lacking a normal prismatic
structure p homogenous
appearance.
In females - irregular
thickness of enamel, marked
aberration in the direction
of the enamel prisms.
Varying degrees of
mineralisation1 , 2,3,6.
Normal thickness of enamel.
Relatively normal organic
matrix, with a thin surface
layer devoid of prism structure
Poorly mineralised; micro-
radiographe have shown enamel
to be less radiodense than
dentine1 ,2,3
Autosomal recessive
pigmented hypo-
maturation
Normal sized crowns.
Surface enamel: soft and
smooth with colour vary-
ing from shiny, milky
white to clear agar jelly
brown. adiographically:
lack of contrast between
enamel and dentine.
Normal thickness of enamel,
with a prismatic structure.
Poorly mineralised, with
enamel having a similar
radiodensity to the
dentine2'3''.
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TYPE OF ANELO- 	 CLINICAL AND RADIOGRAPHIC HISTOLOGICAL CHARACTER-
GENESIS IMPERFECTA	 CHARACTERISTICS	 ISTICS OF ENAMEL
X-linked recessive
hypomaturation
Hypomaturation -
Snow-capped teeth.
Probably auto-
somal dominant
Hypomaturation/
hypomineralisation
- hypoplasia with
taurodontism.
Autosomal dominant
Variability of defect
between sexes.
In males - Normal sized
crowns. Surface enamel:
smooth, relatively soft;
may be penetrated with a
sharp probe. Deciduous
teeth opaque white,
permanent teeth mottled
yellowish brown and white.
Severe attritiOn may occur.
Radiographically: lack of
contrast between enamel
and dentine.
In females - Normal sized
crowns. Surface enamel:
vertical stripes of
opaque white enamel alter-
nate with bands of normal
enamel.
The defects are limited to
the incisal edge of the
anterior teeth and the
occlusal enamel in the
posterior teeth. Surface
enamel: the defective
areas are either flecked
with opaque white patches
or are more diffusely in-
volved with an opaque
ground glass white colour.
Radiographically: a normal
thickness of enamel may be
distinguished from the
dentine.
Two types of enamel defects
associated with tauro-
dontism have been described
a) Normal sized crowns.
Surface enamel: Discoloured
with local areas of random
pitting. Radiographically:
lack of contrast between
enamel and dentine.
b) Small sized crowns.
Surface enamel: shiny, dis-
coloured yellowish-brown
with marked hypoplasia.
Radiographically: lack of
contrast between enamel
and dentine.
Normal thickness of enamel
with a prismatic structure.
Poorly mineralised with
enamel having similar
radiodensity to dentine.
Normal thickness of enamel.
Alternating bands of well
mineralised and poorly
mineralised tissue2'
Normal thickness of enamel
with a prismatic structure.
Cervically, well mineralised
tissue; but in areas of
defects enamel appears less
well mineralised2 , 3.
a) Normal thickness of
enamel with prismatic
structure. Poorly
mineralised2 ,3,8
b Thin enamel approx-
imately J4 normal thickness.
Poorly mineralised. Enamel
and dentine have similar
radiQdensities2'3'9
- Schulze, 1970; 2 - Witkop and Rao, 1971; 3 - Winter and Erook, 1975;
4 - Darling, 1956; 5 - Hals, 1958; 	 6 - Berkinan and Singer, 1971;
7 - Witkop and Sauk, 1971; 8 - Winter et al., 1969; 9 - Crawford, 1970.
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5.1.3. The histopathology of environmentally determined enamel defects
a) Enamel defects caused by localised disturbances
The enamel defects caused by local trauma range from white
and yellow discolourations to areas of hypoplasia, depending on
the stage of tooth formation when the disturbance occurred (c. f.
Section 2.4.2). Andreasen et al. (1971) carried out an histological
analysis of 16 teeth with injuries caused by trauma to the primary
dentition. They found that clinically white and yellow discoloured
areas demonstrated a decrease in mineral content compared to non-
involved enamel. In some teeth, which had sustained more severe
trauma, a narrow horizontal groove was found beneath the enamel
discolouration which represented the borderline between tissue
formed before and after the injury. In an experimental study
of the effects of traumatic intrusion of primary teeth on their
permanent successors, in monkeys, Thyistrup and Adreasen (1977)
reported further evidence that the enamel discolourations which
occurred were generally hypomineralised, but covered by a well
mineralised surface layer. Polarised light microscopy showed
the main body of the lesion to be positively birefringent when
viewed in air or water and microradiographs showed a radiolucent
lesion which corresponded to the positive zone observed in water.
The radiolucent lesion was covered by a radiopaque surface zone,
whilst within the lesion linear variations in radiodensity were
seen parallel to the prism direction, Suckling (198Q studiea
the pathogenesis of traumatic defects in sheep. She reported
that missing enaiel resulted when secretory ameloblasts were
damaged, whereas opacities followed trauma to the cells in their
maturation phase.
	 -
The histology of enamel defects caused by local infection
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is similar to that of defects caused by trauma. Jn1ike the
traumatic defects, however, which mainly affect incisqrs, defects
caused by infection primarily affect the premolars. The enamel
in the affected teeth may exhibit hypoplasia and/or hypomineralisation
(i"lcCormick and Filostrat, 1967). If the infection heals after the
loss of the deciduous tooth, reparative phenomena may take place
in the disturbed enamel organ so that cementum rather than enamel
may be formec on the crown of the tooth (Pindborg, 1970).
b) Enamel defects caused by generalised disturbances
Although numerous environmental factors have been cited as
causal agents Qf enamel defects (c.f. Section 2.4.2), the
resulting defects are generally nat specific to a particular
disturbance. Two notable exceptions, however, are fluorosis
and tetracycline staining which will be discussed in more detail
later.
The enamel defects which are formed as a result of systemic
disturbances range from white and yellow enamel discolourations to
pitting defects, horizontal grooves, and in cases of very severe
illnesses, large areas of missing enamel. The severity of the
lesions and the teeth affected depend on the timing and severity
of the disturbance. Thus this type of defect is often called
chronological hypoplasia as the site and type of defects indicate
the state of enamel formation at the time of the upset.
Sarnat and Schour (1942). have shown that two-thirds of the
cases of enamel hypoplasia in permanent teeth have their drigin
during the first ten months after birth. The teeth. affected in
this period are the first molars, the incisors, except the
upperiateral incIsors, and the canines. Microscopic examination
of ground sections of these enamel defects has shown that the
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defects coincide with accentuated striae of Retzius and the
defective enamel may be overlapped by normal enamel (Pindborg,
1970). The borders of an enamel opacity are usually parallel
to the amelodentinal junction and the Hunter-Schreger bands,
the latter being accentuated in the lesion (Kost1n and P1akov,
1962t. Generally, the enamel has a prismatic structure, but it
may be very thin in hypoplastic areas. The defects show varying
degrees of hypoinineralisation when viewed by polarised light
(Schmidt and Keil, 1971). Microradiographically, the defects
may appear more radiolucent than normal enamel.
A number of dentinal changes may be associated with enamel
defects of environmental origin. These include marked zones
of intergiobular dentine, pronounced incremental lines of Owen,
an abnormally wide predentine zone and vascular inclusions in
the dentine. In contrast to the enamel )efects, the intergiobular
dentine may later take up mineral salts and can attain the same
intensity of mineralisation as adjacent normal dentine tPindborg,
1970)...
Probably more has been written about the histopathology of
dental fluorosis than about any other enamel defect. It will
be appropriate, therefore, to review briefly the literature
concerning dental fluorosis. Also, the reports about tetracycline
staining, another notable type of enamel defect, will be reviewed.
Fluorosis
Clinically, dental fluorosis is characterised by lust.reless,
opaque white patches or stria..tions in the enamel which may become
mottled and/or pitted. Mistologically, dental fluorosis comprises
areas"of diffuse hypomineralisation, or porosity in the subsurface
enamel deep to a well-mineralised surfacelayer (Pejerskov et al., 1977).
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Slight degrees of dental fluorosis can be recorded in
polarised light when the sections are examined dry in air. In
such cases the outer 100 p.m of enamel appear opaque and exhibit
positive birefringence. When examined in water positively
birefringent areas are observed along the striae of Ietzius.
With increasing severity of fluorosis the porous changes extend
deeper into the tissue and a definite highly mineralised surface
zone is observed. The changes are not restricted tQ the outer
third of the enamel, although it is in this part that the most
severe hypomineralisation or porosity is recorded (Fejerskov
et al., 1977)..
No studies have been systematically aimed at the origin
of the pits which are observed in severe cases of dental fluorosis.
Only hypotheses exist, therefore, as to whether the lesions are of
developmental origin or arise after eruption. Considering the
brittleness of the outermost surface and the porous subsurface
structure the hypothesis advanced by Ainsworth (1933). that the
pits represent "a definite loss of enamel and not a failure of
enamel production" seems very feasible (Fejerskov et al., 1977;
Sundstr&n, 1981).
Although it has been generally believed that dentine is not
affected in human dental fluorosis, the presence of hypomineralised
layers parallel to the contour lines in the dentine and extensive
areas of interglobular dentine have been recorded in fluorosed
teeth (Fejerskov et al., 1977).
The ultrastructure of undemineralised fluorosed dental enamel
has been studied in detail by Fejerskov et al. (.1974).. In addition,
the organic matrix in demineralised sections of four unerupted teeth
with mild fluorosi.s has been studied in the electron microscope by
Silness and Gustavsen (1970). In principle, these studies have
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have shown that the prisms have a normal size and shape, but
are surrounded by large periprismatic gaps ranging from 100
to 200 run in width.
The effect of fluoride leading to dental fluorsis appears
to be very complex in nature. A number of pathogenic mechanisms
have been suggested which have been reviewed by Fejerskov et al.
(1977).. These authors enumerated the principal stages in enamel
formation which could be affected by fluoride:
1. The effect on ameloblasts
a). Secretory phase -
- diminished matrix production
- change of matrix composition
- effect on possible ion transport mechanisms
b). Maturation phase -
- diminished withdrawal of protein and water
- effect on possible ion transport mechanisms
2. The effect on nucleation and crystal growth in all
stages of enamel formation
3. The effect on calcium homeostasis with dental
fluorosis being an indirect result.
Most of the hypotheses on pathogenic mechanisms in dental
fluorosis are based on animal experiments; care should be taken,
therefore, when applying the results to the situation in man.
Fron a review'of animal experiments, Fejerskov et al. (1977).
concluded that experimental data indicate that fluoride may
interact with the cellular processes during enamel matrix secretion.
However, biochemical and ultrastructural data from chronic fluoride
experiments are needed to ascertain whether the pathogenesis of
dental fluorosis can be explained in this way only.
The hypothesis that dental fluorosis is a result of impairment
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of the maturation process of enamel has been advanced from studies
of human enamel and rat enamel (Fejerskov et al., 1974, l975
Shinoda, l975. Two principal explanations may be proposed to
account for fluorosis due to disturbances in enamel maturation:
a) If fluoride can change the composition and/or rheologic
properties of enamel matrix, as suggested by Basford
et al. (1976)., cell function during enamel maturation
may be unable to mediate proper dissolution and matrix
removal, giving rise to obstruction of crystal growth.
b)	 If increased levels of fluoride are able to interfere
with any of the complex functions of the ameloblasts
during maturation such as-intercellular transport of
water and proteins, or a possible secretory function
of enzymes in the ruffled bordered ameloblasts, the
process of maturation will be impaired with increasing
levels of fluoride ingested. This would cause an enamel
structure identical to that of fluorosed enamel (Fejerskov
et al., 1977).
Weatherell et al. (1977) have shown that fluoride may be
available in increasing amounts in the enamel matrix and in a labile
form giving rise to a recycling of fluoride. As a consequence
fluoride may be present in much higher concentrations during certain
stages of amelogenesis than previously anticipated. This means that
those parts of the enamel which are in the stage of enamel maturation
for the longest period may be the most susceptible t fluoride-
dependent changes.
It has been suggested that the porosity of fluorosed human
enamel might be the result of a decreased rate of nucleation and/or
crystal growth. A possible effect of fluoride on crystal growth
could take place during both. secretion and enamel maturation stages
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of amelogenesis. However, the exact mechanisms of mineralisation
in vivo and the effect of fluoride on these are not as yet
explainable from a physicochemical point of view (Fejerskov'et
al., 1977).
As fluoride has a high affinity for all mineralising tissues
in the body, it may interfere with calcium homeostasis. Dental
fluorosis may therefore be the result of a more generalised effect.
Both acute and chronic high doses of fluoride can cause a cecrease
in serum calcium concentration and it is suggested that this leads
to a compensatory increase in circulating parathyroid hormone
concentration (Baker, 1974; Fejerskov et al., 1977).. In human
beings, however, it is questionable whether the small doses of
fluoride consumed in.drinking water are able to induce such effects.
It is evident from this brief review that the effect of
fluoride on enamel formation is very complex. rt also highlights
the difficulty in determining the precise histopathology of many
developmental enamel defects.
Tetracycline staining
Discolourations due to tetracycline include: yellow,
yellow-brown, blue-grey and a combination of these colours
(l3lvestad et al., 1978)-. The discoloured areas show typical
bright yellow fluorescence in ultra violet light which contrasts
with the blue fluorescence of normal teeth. A band of staining
results only when tetracycline administration coincides with active
mineralisation (Bevelander et al., 1961}.
Ground sections reveal a zonal pattern of staining that forms
bands in the dentine corresponding to the time of administration
of tetracycline. The fluorescent bands follow the incremental
lines or the interglobular...spaces CAtkinson and Harcourt, 1962;
Applebaum et al., 1964). Autoradiographic studies reveal that the
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yellow bands which fluoresce in ultra violet light are parallel
to the neonatal line in both. dentine and enamel and are hypo-
mineraljsed (Harcourt, 1963).
There is some controversy over whether tetracycline is
incorporated into both. the enamel and the dentine, or only the
dentine. Harcourt et al. (.1962). described the incorporation
of tetracycline in the dentine of human teeth, but not in the
enamel and Applebaum et al. (1963), in animal studies, also
failed to detect evidence of fluorescence in enamel. Sognnaes
et al. (1964), however, demonstrated definitive fluorescence
in both the enamel and dentine of animal and human subjects.
Similarly, Bevelander et al. (1961). defined a fluorescent complex
of tetracycline which- was retained and incorporated in the bone,
enamel and entine of animals. Storey (1963) and Johnson (1966.
showed from animal studies that the incorporation of tetracycline
into enamel depends on the stage of enamel formation. Storey
(.1963) found that after the administration of tetracycline to
14-day-old rats, the immature apical enamel of the incisors and
the whole of the enamel matrix of the first and second molars
fluoresced within minutes. The intensity in the second molars
was evenly bright, but in the first molars faded toward the
occlusal surface where enamel maturation was more advanced and
the matrix less permeable. Serial sacrifice of these animals
revealed that as maturation proceeded, the fluorescence faded.
Similarly, Johnson (l966 showed that after the administration of
tetracycline, the uptake by enamel is greatest where the mineral
content is lowest, since it diffuses rapidly through the highly
permeable matrix. Johnson (1966 suggested that the fading during
progressive mineralisation may be due to removal of the drug from
the matrix along with the water, protein and mucopolysaccharides which
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are lost during the maturation stage. Alternatively, he suggested
that it could be due to masking of the fluorescence by the
additional influx of apatite crystals.
The probable mechanism by which tetracycline molecules bind
to dentine has been reviewed by l4ello (1967). Chelation is
thought to occur with calcium at the hydroxyapatite crystal
surface to form a tetracycline-orthophosphate complex.
Although the main side effect of tetracycline on teeth is
pigmentation, a number of workers have reported a connection
between tetracycline and enamel hypoplasia. In animal studies,
Bevelander et al. (1961) reported mild hypoplasia due to partial
inhibition in the increments of enamel and dentine after the
administration of high levels of tetracycline during tooth
development. Similarly, Makala and Makela (1963). and Witkop
and Wolf (1964} claimed that the administration of tetracycline,
particularly in high dosages, was associated with clinically
apparent enamel hypoplasia in humans. By contrast, Weyman and
Porteous (1963). and Grossman et al. (1971) found no relationship
between the drug and clinical hypoplasia. In studies involving
children who have suffered from severe illnesses, however, it is
difficult to correlate the effect of tetracycline with the
production of enamel hypoplasia as it is well-known that severe
illnesses cause 'enamel defects (c.f. Section 2.4.2)..
The majority of studies conducted on the histology of enamel
defects have concentrated on one particular type of defect. The
present study, however, sought to describe the characteristics
of enamel defects with clinically different appearances and with
differing aetiologies.
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5.2. MATERIALS PND METhODS
5.2.1. The specimens
During the course of the study extracted teeth with developmental.
enamel defects were collected. In addition, clinically "normal" teeth
and a tooth with an early carious lesion were obtained for comparative
purposes. Wherever possible details were obtained about the patient's
family, medical and dental histories. A total of 53 teeth were collected
from 20 subjects. As soon as they were extracted, the teeth were
carefully washed in water and then stored in 70 per cent ethyl alcohol
until they were examined more fully. Unfortunately, specimens from
three patients were given to the author dry and some deterioration had
taken place.
5.2.2. Macroscopic examination
All the surfaces of each tooth were carefully examined and any
discolourations or areas of hypoplasia were recorded. The criteria
which were used for Identifying these enamel defects were the same as
those used in the prevalence study (c.f. Section 3.l.7t. An indication
of the hardness of the enamel was gained by assessing whether or not it
could be pitted easily with a sharp probe. Each tooth was photographed
using a Yashica camera body with a Medical Lens 100 attachment and an
Agfachrome Professional colour reversal film (ASA 50).
5.2.3. Microscopic examination
The preparations of sections.
Sections were prepared initially by using a section cutting
machine developed by Sullivan (1976).. The machine employed asteel,
diamond impregnated, cut off disc and an advance mechanism operated
by hydraulic power. Sections varying in thickness from 200 jim to
250 pm were cut using this machine. Later, a Model 2006-Alastec Wire
Saw, produced by Lastec Laser Technology Inc., was used to section the
specimens. Cutting was accomplished with this machine by drawing a
diamond impregnated wire back and forth across the specimen. Both ends
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of the wire were attached to a shuttling capstan which simultaneously
wound and unwound it. The specimen was raised against the reciprocating
wire with a predetermined force which was maintained throughout the
cutting operation.
Each specimen was sectioned longitudinally through any area
which exhibited macroscopic enamel defects and, where possible,
sections were also made through clinically "normal" enamel. The
sections were ground and polished using varying grades of abrasive
papers and powders. The final sections had a thickness of 120 - 150 un.
The examination.
The sections were examined,mounted under a coverslip in water,
using both. ordinary and polarised light microscopy. A few sections
were also examined mounted in Canada Balsaim. The Canada Balsaim
was very viscous and did not penetrate the sections which could therefore
be regarded as being examIned in air. The enamel was examined for its
width and contour and whether or not it had a prismatic structure. A
record was made of the presence of any incremental lines, Hunter $chreger
Bands or other structural features. In addition, the presence of opacities
was recorded. Precise numerical measurements were not made of the
birefringence when viewed with polarised light, but a record was made
of any deviation from the negative birefringence which is found in well
formed enae1 (Si].verstone, 1973).. An area of positive birefringence
or pseudoisotropy was regarded as an indication of probable hypo-
mineralisation, which was generally confirmed by means of microradiography.
The dentine was similarly examined with respect to its quantity, structure,
mineralisation and the presence of any defects.
Photomlcrographs were taken using a Zeiss Mark 2 photomicroscope.
5.2.4.	 MIcroradiographic examination.
Contact microradiographs were made of sections from eight specimens
which had inacroscopically differing types of enamel defects. Unfiltered
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copper radiation was used generated by a Huger and Watts 733 -x-ray
generator, operated at 45 KV and 2.5 mA tube current. The micro-
raiogrphs were made on Kodak high resolution Type 1A glass plates,
which were developed for 5 minutes at 20°C in Kodak 1RP developer.
Dry specimens were put directly into contact with the photographic
emulsion whilst wet specimens were separated from it by a piece of
15 jtm thick polystyrene film. The majority of the contact micro-
radiographs were made by Dr. D. Langdon of the Department of Dental
Anatomy at the London Hospital Medical College.
Point projection microradiographs were taken of sections from
five specimens using .x-rays generated on an XM 30 point projection
x-ray microscrope (Cosslett and Nixon, 1960). The target material
was a 6 p.m thick copper foil and the radiation was operated at a tube
current of 25 KV and 10 - 20 -mA.
The microradiographs were examined for changes from the normal
radiopacity of the dental tissues. Where the tissues were hypo-
mineralised the microradiographs appeared less radiopaque than normal.
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5.3. RE$Ur,ITS
The specimens were divided into five groups according to their
probable aetiology:
Group A - Specimens from patients with generalised enamel
defects caused by genetic factors - amelogenesis
imperfecta (Table 5.2).
Group S - Specimens from a patient with generalised enamel
and dentine defects probably caused by genetic
factors (Table 5.3).
Group C - Specimens from patients with severe generalised
enamel defects caused by systemic conditions -
chronological hypoplasia. (Table 5.4)..
Group D - Specimens from patients with multiple enamel
defects of uncertain aetiology. (Table 5.5).
Group E - Miscellaneous specimens. (Table 5.6)..
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. Affected Males
o Unaffected Males
• Affected Females
o Unaffected Females
FIGURE 5.1: PEDIGREE OF THE BROTHER AND SISTER, DM AND JM - AN
ILLUSTRATION OF THE PATTERN OF INHERITANCE OF X-LINKED
DOMINANT HYPOPLASTIC. AMELOGENESIS IMPERFECTA.
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FIGURE 5.2: THE APPEARANCE OF DM, A MALE PATIENT WITH. .X-LIN(ED
DOMINANT HYPOPLASTIC AMELOGENESIS IMPERFECTA.
A). THE CLINICAL APPEARANCE.
B) THE RADIOGRAPHIC APPEARANCE.
C) THE MICROSCOPIC APPEARANCE OF A LONGITUDINAL
GROUND SECTION THROUGH THE BUCCAL ASPECT OF 6/ CX 50).
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FIGURE 5.3: THE APPEARANCE OF JM, A FEMALE PATIENT WITH X-LI1J(ED
DOMINANT HLPOPLASTIC AMELOGENESIS IMPERFECTA.
A	 THE CLINICAL APPEARANCE.
) THE. MICROSCOPIC APPEARANCE OF A LONGITUDINAL
GROUND SECTION THROUGR THE BUCCAL ASPECT OF J6 (x 50t.
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FIGURE 5.4; THE APPEARPNCE OF FH, A MALE PATIENT WITH- ENAMEL AND
DENTINE. DSPLASIA.
A THE RADIOGRAPIC APPEARANCE.
B) THE MICROSCOPIC APPEARANCE OF A LONGITUDINAL GROUND
SECTION THROUG THE EUCCAL ASPECT OF 17 Cx 3Ot-.
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FIGURE 5.5: THE APPEARANCE OF JD, A FEMALE PATIENT WITIL
CHRONOLOGICAL HYPOPLASIA CAUSED BY A SEVERE tCtDNEY INFECTION.
A).. THE. CLINICAL APPEARANCE.
B) THE MICROSCOPIC APPEARANCE OF A LONGITUDINAL GROUND
SECTION THROUGH. 6/ (X 301.
1ct9.
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FIGURE 5.6: THE APPEARANCE. OF MR, A FEAI2 PATIENT, WITh
CHRONOLOGICAL HYPOPLASIA CAUSED BY AN OVERDOSE OF VITAMIN V.
A) CLINICAL APPEARANCE.
B) RADIOGRAPHIC APPEARANCE.
C) LONGITUDINAL GROUND SECTION THROUGR /6 (X 3½)..
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FIGURE 5.7: MICROSCOPIC APPEARANCE OF A LONGITUDINAL GROUND
SECTION ThROUGH TEE BUCCAL CUSP OF /6 FROM MD -
A MALE PATIENT WITI-L MULTIPLE DISCOLOURATION DEFECTS CX 30).
i'L
FIGURE 5.8: MICROSCOPIC APPEARANCE OF A LONGITUDINAL GROUND SECTION
THROUGH. THE BUCCAL ASPECT OF /6 FROM KU - A MALE
PATIENT. WITH. HYPOPLASTIC FIRST PERMANENT MOLARS CX 30)..
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5.4. DISCUSSION
The macroscopic and microscopic examinations of teeth with
enamel defects provided useful illustrations of the structural
characteristics of a number of different types of defect. In
addition, the family, medical and clinical details provided
valuable information about the aetiology of the defects. As
most of the specimens had severe enamel defects they were un-
representative of the ma)ority of defects found in the population;
however, teeth with minor abnormalities are not generally extracted
and are therefore unavailable for histological examination.
5.4.1. Group A - Specimens from patients with amelogenesis imperfecta
The enamel defects in the patients with amelogenesis imperfecta
had histological characteristics which have been described to some
extent by other authors (Hals, 1962; Schuize, 1970; Witkop and
Rao, 1971; Winter and Brook, l975). The genetic analysis of the
family of DM and JM, and in particular the lack of father to son
transmission of the condition and the distribution of defects in
the offspring of affected females, provided good evidence that this
particular type of amelogenesis imperfecta was an X-linked dominant
trait. Schulze (l97O and Berkman and singer (.l971}, referring to
specific families, described the enamel in males as being thin,
smooth, hard and shiny, similar to that found in DM, whilst Witkop
and Rao (.1971) and Winter and Brook (1975). described the enamel
as rough, or granular, in appearance. All the authors, however,
agreed that, as with DM, the enamel was extremely thin and hai a
homogenous appearance. Sections from DM did show some prism formation
near the amelodentinal junction and although clinically the enamel
appeared smooth,microscopically the surface had a number of slight
indentations which could account for the varying descriptions of
the enamel by different authors.
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The vertical rippling of the enamel seen in the teeth of JM
is characteristic for females with X-linked dominant hypoplastic
amelogenesis imperfecta. The difference in 6egree of hypoplasia
between males and females and in particular the "mosaic" defects
in females may be explained by the Lyon hypothesis (Lyon, 1961)..
The Lyon hypothesis postulates that,early in embryonic life, one
of the two X-chromosomes in each. somatic cell of the female becomes
tightly coiled into a sex chromatift body and is genetically inactivated.
Once inactivation has occurred, all the descendants of that embryonic
cell will contain the same inactive X-chromosome. Therefore, in
approximately half of the somatic cells of the female the paternal
X-chromosome is active, whilst in the rest the maternal X-chromosome
is active. The female with- this mixed population of cells is called
a "gene action mosaic". The alternating vertical banding of normal
and abnormal enamel, therefore, may be interpreted as a record in
the enamel of the particular X-chromosome governing different clones
of ame].oblasts (Berkman and Singer, 1971). Microscopically, the
surface enamel on the specimen from JM was very irregular even though
clinically the buccal and lingual surfaces appeared smooth, in contrast
to the marked vertical grooving of the anterior teeth. The marked
aberration in the direction of the prisms and the varying degrees of
enamel mineralisation were in agreement with previous descriptions
(Schuize, 1970)..
Interestingly, Schuize (.1970) described the simultaneous
appearance of an open bite in three of six families which he had
studied with this type of amelogenesis imperfecta. Similarly, both
JM and DM and their younger sister and a male cousin all had a
skeletal open bite -in addition to enamel hypoplasia. Recently,
Rowley et al. (1982)., in an investigation of 50 subjects with
ame].ogenesis imperfecta, found that an anterior open bite occurred
in 24 per cent and was always associated with a severe discrepancy
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in the vertical relationship of the jaws. This vertical dysgnathia
also occurred in a further 20 per cent of subjects who did not have
an anterior open bite. The authors suggested that the frequent
association of an anterior open bite and amelogenesis imperfecta
is caused by a genetically determined anomaly of craniofacial
development, rather than by local factors influencing alveolar growth.
In many ways the specimens from SA and AX appeared to have
similar characteristics to DM; the enamel was very thin, had a
homogenous appearance and was irregularly mineralised. As no family
histories were available for SA and AX no definite diagnosis of the
type of amelogenesis imperfecta could be made. Schulze (1970), Witkop and
Rao (1971) and Winter and Brook (1975) all described an autosomal dominant
thin and smooth enamel hypoplasia which had a similar appearance to
that of the males in X-linked dominant hypoplasia.
A number of other characteristics of the specimens from DM, JM,
SA and AX are worth discussing. Firstly, although all the specimens
showed marked attrition, there was little evidence of reparative
dentine formation in response to this trauma. It would appear,
therefore, that the dentine had little defence against trauma and in
the cases of DM and JM this resulted in periapical abscess formation.
In addition none of the teeth showed evidence of caries even though
generally the first permanent molars have a relatively high rate of
caries (King et al., 1980). Also, from the clinical records which
were available, it was evident that there was no caries in the patients'
other teeth. Winter and Brook (1975), in commenting on the low panes
rate in individuals with autosomal dominant thin and smooth amelogenesis
imperfecta, suggested that this was because of the morphologic abnormality
of the pits and fissures and the lack of proximal contacts. Another
suggestion could be that the low caries rate is related to the lack f
prismatic structure in the enamel.
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AD had no family history of enamel defects, but the histology
of sections from his teeth was similar to that previously described
as autosomal dominant, thin and rough, hypoplastic amelogenesis
imperfecta (Darling, 1956; Hals, 1958; Schuize, 1970). The difference
in the enamel between the buccal and lingual aspects of the teeth was
particularly characteristic (Schulze, 1970).
The appearance and structure o the teeth of NP were very different
from the other cases of amelogenesi imperfecta. NP had no history of
enamel defects in his family, but his clinical appearance was similar
to that described as autosomal dominant randomly pitted hypoplasia
(Witkop and Rao, 1971; Winter and Brook, 1975). Previous reports,
however, referred to the teeth as having a "normal" colour, whereas
the teeth of NP were opaque white. Winter et al. (1969k also described
a family in which the teeth. of the affected individuals displayed
taurodontism as well and hyponiineralisation df the enamel and pitting
defects. The enamel of these individuals was described as opaque and
shiny with a yellowish-brown mottled surface and a lack of radiographic
contrast with the underlying dentine. Although the teeth from NP
were not discoloured yellow, histologically they showed marked areas
of hypomineralisation throughout the enamel and particularly in the
middle and cclusal thirds of the buccal surfaces. The hypomineralisation
was not related to the incremental lines as is the case with chronological
hypoplasia. Unlike the other cases of amelogenesis imperfecta in this
study, the specimens from NP had a normal prism structure and, interestingly,
they became carious soon after eruption. It is evident that X4P's dentition
may not be placed readily in any of the previously reported categories
of amelogenesis imperfecta. Witkop (1957) described opaque white enamel
as "hypomaturation", but as Schulze (1970) has intimated, it is too
premature to separate hypocalcification on a clinical basis, particularly
since even normal mineralisation and enamel maturation are not completely
understood. NP, therefore, might best be described as having a mixed type
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of amelogenesis imperfecta. His enamel displayed both hypomineralisation
and hypoplastic pitting defects; the mode of inheritance, however, may
only be determined when future generations of his family are examined. -
The simultaneous occurrence of hypoplasia and hypomineralisation in
cases of amelogenesis imperfecta is probably more prevalent than has
been reported (Bals, 19621. In all the cases which were examined in
the present study there was evidence of irregular mineralisation, and
usually hypomineralisation, in the hypoplastic enamel and this was
particularly evident in the case of MP.
5.4.2. Group B - Specimens from a patient with generalised enamel
and dentine defects probably caused by genetic factors
The appearance and structure of the teeth from FB were particularly
unusual, both the enamel and dentine being abnormally formed. Similar
clinical cases have been reported by other authors (Hopewell-Snath,
1921; Holder, 1928; Olson, 1938). Schixnmelpfennig and McDonald
(.l953) reported in more detail the case of a 4-year-old boy who
had enamel missing from all his primary teeth except før a small
amount on one molar. The histological report on these teeth was very
similar to that of FH; the small amount of enam1 appeared structureless,
whilst in the deritine the tubules showed little evidence of a normal
growth pattern, were few in number and quite irregular with a marked
tendency toward branching. Also, there was little attempt at reparative
dentirie formation, with a consequent rapid deterioration of the relatively
unprotected puips and periapical abscess formation. Schixnmelpfennig
and McDonald (1953) referred to this condition as enamel and dentine
aplasia and reported a family history which indicated that it was
probably inherited in an autosomal dominant manner. FH had no such
family history and therefore it was not possible to determine the mode
of inheritance of his tooth defects. The term enamel and dentine
dysplasia might be more appropriate to describe this condition as both
tissues did appear to be present although their structure was very disordered.
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5.4.3. Group C - Specimens from patients with chronological hypoplasia
Although numerous reports have been published concerning the clinical
appearance of defect caused by systemic conditions (c.f. Chapter 2),
less has been written about their structural characteristics. Thus,
the specimens from the four patients with severe chronological hypoplasia
provided useful examples of teeth with such enamel defects.
The extracted first molars from these patients all had areas of
missing enamel involving the occlusal thirds of the crowns. In additjon,
much of the ocolusal enamel was hypomineralised. The defects coincided
with marked incremental lines, in contrast to the defects in ainelogenesis
imperfecta which had no particular relationship to the incremental lines.
Pindborg (1970) reported that hypoplastic defects coincide with
the striae of Retzius and he found that a sagittal ground section of a
tooth with enamel hypoplasia showed that the defective enamel tended to
be overlapped by normal enamel. In the present study, a constant and
marked feature of the defects in the patients with chronological
hypoplasia was the sharp demarcation between severely hypoplastic
enamel and normal enamel; this region was also coincident with marked
incremental lines. The pronounced incremental lines have been reported
by other workers (Gustafson, 1959; Pindborg, 1970). Microradiographs
of the sections exhibiting chronological hypoplasia revealed that the
incremental lines of' Retzius were hypomineralised as were the incremental
lines of Owen in the dentine.
The rhythmic nature of amelogenesis and the chronology of enamel
formation in different parts of the tooth were particularly evident
in these specimens. The molars generally showed well formed cusps
which were beginning to mineralise at birth and were therefore relatively
unaffected by the subsequent severe systemic illnesses. The occlusal
surfaces and the occlusal thirds of the smooth surfaces, however, were
severely affected. These were areas which were being formed when the
children were ill, at 6 - 12 months. The illnesses appear to have been
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severe enough to inactivate, or kill, the active ameloblasts thus
preventing enamel formation and producing hypoplasia. Also, as parts
of the enamel Which were formed were hypomineralised, it would appear
that both matrix formation and mineralisation were affected by the demise
of the ameloblasts. The fact that not all ameloblasts are active at
the same time was clearly demonstrated by the cervical enamel which was
formed after the systemic upsets and was well formed in all the
specimens.
Interestingly, although prominent incremental lines were evident
in the dentine of the specimens with chronological hypoplasia, the
dentine was well formed apart from a narrow band of interglobular
dentine near the amelodentinal junction. Thus 1 it would appear that
odontoblasts are much more resistant than ameloblasts to systemic upsets.
Three of the subjects were found to have yellow incremental lines in
the dentine which was characteristic of tetracycline staining. These
bands fluoresced yellow when viewed with ultraviolet light, a phenomenon
which has been reported by many workers (Harcourt, 1963; Applebaum et
al., 1964).
5.4.4. Group D - Specimens from patients with multiple enamel defects
of uncertain aetiology
The specimens from the four patients with enamel defects oZ uncertain
aetiology had a histological appearance which was similar to that of the
patients with severe chronological hypoplasia. The defects were less
extensive than those in the previous group; some of the sections
exhibited hypoplasia of the occiusal surfaces of the molars ana they all
showed varying degrees of hypomineralisation. The hypomineralised areas
were positively birefringent when viewed by polarised light and mounted
ii water, a fact reported by other workers (Gustafson and Gustafson,
1967; Schmidt and Keil, 1971). The white opacities in the specimens
from MD were less hypomineralised than the brown discolourat.ions in the
specimens from the other three patients in the group. The defects were
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coincident with the incremental lines and they exhibited marked
Hunter Schreger bands. In addition, marked incremental lines and zones
of intergiobular dentine were evident in the dentine. These structural
characteristics would suggest a systemic cause for the defects. The
hypoplastic occiusal surfaces would indicate an upset soon after birth,
perhaps a fever, which was not recalled by the parents when the medical
history was taken. Two of the patients gave histories of severe throat
infections which could have been the illnesses responsible for the
enamel defects. In view of the poor medical histories, however, no
definite diagnosis of environmental hypoplasia could be made. Examinations
of future generations would be needed to exclude the possibility of a
genetic cause. Also, consideration should be given to the possibility
of both genetic and environmental factors being the cause in such cases.
5.4.5. Group E - Miscellaneous specimens
The specimens in the final group showed a variety of different
developmental enamel defects. The patchy white opacities in the specimen
BT were in marked contrast to the large, brown, well demarcated defect on
BX, BT exhibited patchy hypomineralised areas largely involving the outer
third of the enamel of the entire crown, whereas BX displayed one large,
markedly hypomineralised area, on the occlusal third of the bucca]. surface,
which wa well circumscribed and involved the inner two thirds of the enamel.
These two specimens emphasized the difference in mineralization between
white and brown opacities, the latter being more poorly mineralized than
the former. The appearance of BT was similar to that described for
moderately fluorosed teeth (Thyistrup and Fiejerskov, 1978). hav'i'ng a
subsurface hypomineralised zone running throughout the length of the
enamel Without an adequate environmental history, however, no firm
diagnosis could be made.
The premolar, PB, was diagnosed as a Turner tooth an anomaly
produced when enamel formation is disrupted due to infection from
the preceeding primary molar. Such defects were reported in detail
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by Turner (1905-1906) (.c.f. Section 2.4.2). The occiusal enamel
was hypoplastit and discoloured brown and histologically the defect
appeared similar to that on BX with. a well circumscribed zone of
hypomineralised enamel containing marked aunter Schreger bands. Xn
addition, there was a prominent zone of intergiobular dentine. It
is apparent, therefore, that defects of environmental origin may have
a similar structure even if their precise aetiology is dissimilar.
The molar, CX, had no defects and was obtained for comparative
reasons. Histologically, it showed the characteristics of a well
fçrmed tooth (Gustafson and Gustafson, 1967; Schmidt and Keil, 1971;
Osborn and Ten Cate, 1983). The majority of the enamel exhibited
negative birefringence when viewed by polarised light and mounted In
water, and it was well mineralised. It showed the usual characteristics
associated with enamel, namely incremental lines, enamel tufts and faint
Hunter Schreger bands. The dentine was well forme4 and well mineralised.
DX was diagnosed clinically as having a carious white spot and histologically
it was found lo have the characteristic features of an early carious lesion
(Gustafson, 1957; Darling, 1958; Crabb, 1966; Silverstone, 1967)-. By
imbibing such lesions in media with different refractive indices and
viewing them by polarised light various workers have described the
presence of four zones; the translucent zone, the dark zone, the body
of the lesion and the surface zone (Silverstone, 1973). The appearance
of the zones of the carious lesion in enamel is caused by the size and
number of spaces present and by the contents of these spaces which vary
according to the mountant (Schulze, 1970). The lesion which ws examined
in the present study was only examined mounted in water and Canada balsam,
the two media which. were used for the examination of the developmental
enamel defects. The Canada balsam was very viscous and did not penetrate
the lesion in enamel, thus the section mounted in Canada balsam could be
regarded as being examined in air. The refractive index of water is 1.33
and that of air, 1.00, both very different values to the refractive index
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of enamel which is 1.62. Consequently, when the white spot carious
lesion was viewed by polarised light when mounted in these media it
appeared dark in contrast to the surrounding unaffected enamel. Also,
the lesion was positively birefringent. The air and water penetrated
those areas where the carious process had caused porosity and, as the
mountant had a different refractive index to enamel, the lesion appeared
dark when viewed by both transmitted and polarised light and the form
birefringence was such. that the lesion appeared positively birefringe
Separate dark. and translucent zones were not seen because they are only
obvious when sections are imbibed in media with refractive indices
similar to that of enamel. The lesion had a conical shape similar
to those described by other authors. (Gustafson, l957 Darling, 1958).
The position and shape of the carious lesion distinguished it from
the developmental lesions. Also the developmental defects tended to
follow the incremental lines, whereas the white spot carious lesion
did not. Schmidt and Keil (1971) claimed that another difference was
the fact that carious lesions could be imbibed by different media
whereas this could not be done with developmental lesions. I(ostln
and P1akov (1962)., however, found that developmental hypomineralised
areas could easily imbibe watery solutions.
It is evident that the histology of developmental enamel defects
is complex. Genetically determined defects have a markedly different
appearance and structure to those caused by a systemic upset. Many
defects of environmental origin appear similar clinically and have a
similar microscopic structure although their precise aetiology is
different. In the present study, the structure of the defects whose
aetiology was uncertain would indicate a probable environmental cause
possibly associated with a systemic upset at, or soon afterr birth.
However, the possibility of both genetic and environmental factors being
involved should not be discounted.
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SECTION C
CHAPTER 6
ENAMEL DEFECTS IN A SAMPLE OF SI(ULLS FROM AN EARLY BRITISH POPULATION
220.
6.1. REVIEW OF THE LITERATURE
As teeth are particularly resistant to decomposition when
buried, they survive longer in some soils than do bones. The study
of the dentition is therefore very important in determining characteristics
of earlier populations. Because of the relationship with disease and
chronological specificity, disturbed enamel formation has been used
in paleopathology to estimate environmental stress and disease experience
CSognnaes, 1956; Faith, 1961; Molnar and Ward, 1975; Goodman et al.,
1980).. Falin (1961). found that the high prevalence of developmental
defects observed histologically in the teeth of Bronze and Stone Age
specimens from Russia, was in accord with the earlier findings of
Sognnaes (1956), who studied skeletal samples from a number of
different countries. Sognnae.s (1956). suggested that the defects might
be associated with metabolic disturbances in infancy, dependent on the
poor quality of nutrition of ancient man.
Brothwell (1959).. attempted to ascertain the influence of food
on the oral conditions of earlier man. Be reported on tooth loss
and the prevalence of dental caries and periodontal disease. In
addition he noted that various degrees of hypoplasia were found in
early British skulls, particularly of post-Bronze Age date, ari6
58 per cent of those examined showed defects in more than one tooth.
Schulz and McHenry (1975). studied canines from subadult and
young adult skulls dating from 2500 B.C. to 1800 A.D., from the
lower Sacramento-San Joaquin Valley of central California. They
chose canines becaus? these teeth are the least likely to be st
post mortem. However, this produced a rather biased and unrepresentative
sample. Each canine provided a record of more than 6 years ameloblastic
-	 activity. Of a total of 1,650 age category observations, 271 contained
hypoplastic enaie1; shallow hypoplastic defects being the most colmDon.
The authors contrasted their findings on the chronology of occurrence
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with that of modern populations. They reported that mong modern
Americans two-thirds of hypoplastic defects occur during the first
year, whereas among the prehistoric specimens, the hypoplasia was most
common during the fifth- year. They suggested that the differences
between the two populations might be partly due to differences in medical
knowledge and technology. Since environmental causes of enamel hypoplasia
are frequently of a severe nature, many such conditions in prehistoric
times would have been fatal for younger children, removing them from
the population before the enamel defects could be demonstrated.
Rose et al. (19781 presented a "test case" which demonstrated
that the frequency of disturbed enamel formation was associated with
other stress indicators, namely, the probability of dying and infectious
illnesses, in skeletal samples from Illinois (A.D. 950 - 1300). These
authors assocIated enamel disturbances with so-called Wilson bands
(Wilson and Schroff, 1970).. nose (.1979).. reported that observation
with the scanning electron microscope showed that these disturbances
were the result of an absence of normal prism structure along the
striae. of Retzius. There is, howeyer, considerable disagreement
concerning the nature of Wilson bands, with. many considering them an
artefact of the sectioning process.
In a later report on the same population, Goodman et al. (.1980).
used the macroscopic appearance of enamel hypoplasia as an indicator
of previous growth disturbances and environmental stress. They found
a mean of approximately 1.5 growth disturbances per individual and
66 per cent of individuals had at least one growth disruption.
Interestingly, approximately 70 per cent of the recorded growth
disturbances were recorded on mandibular canines, the highest single
tooth. total. When this tooth-was-studied with the maxillary central
incisors, over 95 per cent of the total growth disruptions were observed
on at least one of these teeth. The authors suggested. that future analyses
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should be limited to the maxillary central incisors and the mandibular
canines, thereby saving time with minimal loss of information.
Hereditary disturbances of dental development have been reported
as occurring only rarely in archaeological material. Cook 11980
reported a case of hereditary X-linked enamel hypoplasia in a skeleton
from the Schild Cemetery, illinois, dating from the year 1100 A.D.
The skeleton was that of a six-year-old child and the enamel of both
dentitions was thin and irregular. The teeth exhibited the Lyon
effect with strips of smooth enamel alternating with pitted, wrinkled,
thin enamel. The author (Cook,, 1980). claimed that this was the first
reported prehistoric example of amelogenesis linperfecta.
As with prevalence studies among modern children, many of the
studies on enamel defects in prehistoric populations cannot be
compared usefully either with- each other, or with the results of
studies of contemporary populations, because of the different criteria
which have been employed. Some authors based their findings on clinical
observations, whilst others relied on the histological analysis of a few
specimens. Although archaeological material provides a unique opportunity
for study, there is little available information on a combined epidemiological
and histological approach. The present study used the same descriptive
index of enamel defects which was used to assess the prevalence in modern
chi.ldren to assess the prevalence of enamel hypop].asia in a collection of
early British- skulls. In addition, a small number of teeth were examined
histologically so that the enamel defects could be described both macro-
scopically and microscopically.
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6.2. MATERIALS AND METHODS
6.2.1. The Cemetery at Poundbury
During the last decade, excavations of a Romano-British
cemetery have been carried out at Poundbury, Dorchester. The
work has been carried out for the Dorchester Excavation Committee
with funds provided by the Department of the Environment. The
Department of Palaeontology at the British Museum (Natural. History)
is reporting on the findings from these excavations and the author
was invited to study the skulls and examine the teeth for develop-
mental enamel defects.
The cemetery at Poundbury dates from 3rd to 5th century A.D.
and lies on the outskirts of the present town of Dorchester, the
Roman Durnovaria (Figure 6.1).. The total extent of the cemetery
is about half an acre with approximately 4,000 graves of which . 1,428
have been excavated. The origins of the cemetery lay in a small urban
settlement consisting of two simple courtyard houses and enclosures
of 3rd century date (Green, 1977).. The cemetery would have been one
of several outside the city.
Unlike most others surrounding Dorchester, this cemetery is of
Christian character and is comparable to those outside major cities
on the Continent (Green, 1977).. The majority of the inhumations were
aligned with the head west and were enclosed in simple coffins without
grave goods. At intervals, special graves occurred amongst the rows
of ordinary interments; the earliest examples had coffins of wood
lined with lead, whilst the later ones had stone coffins. Because
the early Christians believed in the literal resurrection of the body,
many of the special coffins, including all those which were lead lined,
weiepaoked with gypsum iz an attempt to preserve The body. Unfortunately,
however, because of the high, acid levels in wet gypsum, the plaster packed
remains deteriorated to a much greater extent than the ordinary burials.
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225.
As the special coffins probably belonged to citizens of a high social
status, there is therefore less evidence from their remains than from
the better preserved remains of the "ordinary" people.
The size and orderly layout of the cemetery imply a correspondingly
large and well organized Christian community in Roman Dorchester, at a
time when it was previously thought that pagan cults dominated the
religious life of the province. The cemetery also serves as a sample
census of Dorchester's earliest citizens and should help to illustrate
the health, life style and social structure of a late Roman population.
6.2.2. The sample material
As in the main prevalence study, only the permanent dentition
was examined for enamel defects-. All the skulls from the Poundbury
site, which are houspd at the British Museum (Natural History, were
examined initially, but only those specimens which had either an intact
mandibular andJor -maxillary dentition were included in the sample. An
"intact" dentition was described as one in which there were no teeth
missing post mortem. Thus, skulls were included which did not have a
"complete" dentition of 28 permanent teeth if they had a number of
teeth missing ante -mortem, A total of 178 skulls fulfilled these
criteria and were included in the study. This represented a 12½ per
cent sample of the total number of excavations.
6.2.3. The clinical examination
The skulls were examined in a good light, comparable to that
used in the prevalence and family studies. As the teeth were naturally
very dry, discolourations could not be scored accurately and therefore
only enamel hypoplasia was recorded. The occiusal, buccal and lingual
surfaces of all the permanent teeth, except for the third molars, were
.-examined -using the- criteria already described (c.f. Section 3.1.7i. At
the request of the museum, deposits of calculus were not removed from
the teeth. A blunt probe was used to aid the diagnosis of enamel
hypoplasia by feeling for missing enamel. Repeat examinations were made
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on a random 10 per cent of the sample. Information was obtained from
the staff of the British Museum (Natural History) on the age at death
and the sex of the specimens.
The findings were recorded on forms similar to thOse which were
used in the main prevalence study. Where appropriate, black and white
photographs, or colour transparencies, were taken of the teeth, using
the equipment already described (c.f. Section 3.1.10).
6.2.4. Data analysis
The data were processed and analysed by hand. Mouth, tooth
and surface prevalences were calculated for the different types of
hypoplasia found in the specimens.
Following this analysis, the British Museum (.Natural History):
gave permission for a small number of teeth with defects representative
of those most commonly found in the study to be subjected to a
histological analysis.
6.2.5. The histological examination
Five lower canines were selected; four were judged as having
hypoplastIc defects representative of those most commonly found in
the sample and one was recorded as not having any defects. Only
teeth from broken jaws, or those with incomplete dentitions, were
allowed to be selected in order that "good" archaeological, material
should not be destroyed.
The specimens were examined macroscopically and microscopically
using the methods described for the examination of modern teeth with
enamel defects (c.f. Section 5.2).. However, because the Poundbury
teeth were particularly brittle due to their prolonged dry states
they were embedded before sectioning. One tooth was embedded in
polyester resin using a methQd described by Smith (1966). and modified
by Sullivan (1976).. Unfortunately, this specimen remained very brittle
and only one satisfactory section was obtained. At the beginning of
1981, however, "LR White", a new resin produced by the London Resin
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Company, becane available and was used to embed the remaining
specimens. Each tooth was infiltrated in the resin monomer for
four days; the monomer being changed dailye The resin was
polymerised using one drop of accelerator to 10 ml of monomer
and the blocked specimens were cooled under cold water to reduce
the heat produced by the exotherinic reaction. Although the teeth
embedded in "LR White" remained quite brittle, a number of sections
were satisfactorily prepared using the methods described previously
(c.f. Section 5.2.3).
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6.:3. RESULTS
6.3.1. The age and sex distribution of the sample
Age and sex determinations had already been made by staff of
the British Museum (Natural Bistory) from the long bones, pelvic
girdles and skulls. Thirty-nine per cent (.70) of the sample were
estimated as male; 43 per cent (.76). female, and in 18 per cent
(32). of cases the sex could not be determined. Thirteen C7 per cent).
skulls were fçom juveniles or teenagers aged 16 or under; 66 (.37
per cent)... were aged 17 - 34 years and 16 (9 per cent). were aged 35
or over. No age could be determined for 83 (.47 per cent). skul].s;
but the majority were estimated as adult.
6.3.2. The mouth prevalence of enamel hypoplasia
Thitty-seven per cent (66) of the skulls had a number of
hypoplastic teeth ranging from 1 - 14 teeth affected (.Table 6.1)..
For the total sample there was a mean of 1.9 (standard deviation 3.30).
hypoplastic teeth per skull; but if only those with defects are
considered there was a mean of 5.1 (standard deviation 3.61). hypo-
plastic teeth per skull. Forty per cent (28) of males and 30 per
cent (22). of females had bypoplasia.
The most frequently recorded type of hypoplasia was horizontal
grooves which had a mouth prevalence of 30 per cent (53). 6.2
per cent of skulls had a number of teeth. with pitting defects and
6.7 per cent had teeth with large rough areas of hypoplasia (Table
6.2)... Very few examples of severe hypoplasia were recorded, the
majority being only shallow defects (Figure 6.2).
6.3.3. The tooth prevalence of enamel hypoplasia
Eight per cent (338). of all the teeth examined were hypoplastic.
The canines had the highest prevalence of enamel hypoplasia; 23.9
per cent of mandibular canines and 16.8 per cent of maxillary canines
were affected. The incisors had the next highest prevalence of
hypoplasia and the maxillary second molars were the least affected
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(Table 6.3). Two-thirds of the 44 specimens with 4 or more hypoplastic
teeth had bilaterally affected canines and incisors; 25 per cent also
had hypoplastic prenxlars. Rypoplastic first molars were associated
with multiple defects in the canines and incisors in only 5 specimens.
As many as 255 teeth. C6.l per cent). had horizontal grooves;
indeed horizontal grooves accounted for 75.4 per cent of all the
hypoplastic teeth. Pitting defects occurred in 12.7 per cent of
teeth with hypoplasia and 7.1 per cent had large areas of rough
deficient enamel (Table 6.4)..
6.3.4. The site of the enamel defects
The majority, 82.2 per cent, of hypoplastic defects occurred
on the buccal surfaces of the teeth, 16.5 per cent were located on
the lingual and 1.2 per cent on the occiusal surfaces. The marked
occiusal attrition, however, might have worn away some enamel defects.
Also, some of the lingual surfaces might have had 4efects which were
obscured by calculus which was found in the majority of specimens.
Most of the buccal defects, 71.5 per cent, occurred in the
middle and/or gingival thirds of the teeth. 17.4 per cent occurred
only in the incisal/occiusal third and 3 per cent involved the entire
buccal surface. On the lingual surfaces, 35.8 per cent of the defects
occurred in the middle third alone and 34.3 per cent occurred in the
incisal/occiusal third.
6.3.5. Reproducibility of diagnosis
Sixteen skulls were randomly selected for re-examination. Table
6.5 shows the two sets of results for the defects found on the buccal
surfaces of the teeth. Seventy-four teeth were consistently diagnosed
as having hypoplastic defects at both examinations; a further 14 teeth
were recorded as having a defect at one examination only. Thus the
percentage reproducibility according to the method described by Murray
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and Shaw (1979). was:
74	 x100=84%
74 + 14
6.3.6. The histological examination
Macroscopicafly, the four hypoplastic canines had a number of
distinct horizontal grooves on their buccal aspects and shallower,
corresponding grooves on the lingual surfaces. The grooves were
continuous on the mesial and distal surfaces and involved the middle
and cervical thirds of the teeth. All four teeth exhibited marked
cuspal attrition. Interestingly, when the tooth which was selected
because it had no defects was removed from the jaw, it was found to
have two very shallow grooves in the cervical region. These grooves,
however, were assessed as being "noal" perikyma-troughs. The tooth
showed little cuspal attrition and was probably from a younger
individual than the four hypoplastic canines.
Microscopically, the enamel of the four hypoplastic canines had
a prismatic structure, but there was evidence of disturbed enamel
formation in the areas of the macroscopic defects (Figure 6.3).. There
were numerous irregular incremental lines of Retzius and microradiographs
showed subsurface areas of radiolucency, indicative of hypomineralisation,
in the enamel beneath. the grooves. In addition, wide zones of inter-
globular dentine were observed below these defects and one specimen
exhi.bited marked incremental lines of Owen in the dentine which
corresponded to the prominent incremental lines of Retzius. The
canine which was diagnosed clinically as having no defects hada normal
width of enamel with- a prismatic structure. There was no evidence of
disturbed enamel or deritine formation in this tooth. Regular incremental
lines of Retzius we-re evident in the cervical enamel and these coincided
with the perikyznata which were observed macroscopically.
Unfortunately, post mortem changes in the specimens masked, or
destroyed, some of the dentinal characteristics. These changes consisted
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of a penetration of the inner two-thirds of the dentine by a network
of branching black "threads" and canals. In places they were so dense
that they fused into a common opaque mass. The nature of the changes
would suggest that the tissue had been invaded from the pulpal aspect
by a tunnelling mycelium.
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TABLE 6. 1: THE NUMBER OF 1YPOPLASTIC TEETH PER SKULL IN TIlE POUNDBURY
SAMPLE.
TABLE 6.2: THE MOUT PREVALENCE OF DIFFERENT TYPES OF ENAMEL
HYPOPLASIA IN THE POUNDBURY SKULLS
TYPE OF HYPOPLASIA	 NUMBER OF
	 PERCENTAGE
SKTJIaL$
No hypoplasia	 112	 62.9
Rough area of missing
enamel < 2 mm in diameter 	 2	 1.1
Rough area of missing
enamel > 2 mm in diameter
	 12	 6.7
Smooth area of missing
enamel < 2 mm in diameter
	 4	 2.2
Smooth area of missing
enamel > 2 mm in diameter
	 3	 1.7
Pitting defects
	 11	 6.2
Horizontal grooves
	 53	 29.8
Vertical grooves
	 1	 0.6
All hypoplasias	 -	 66	 37.].
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TABLE 6.3: THE PREVALENCE OF H.YPOPLAS IA IN EACH TOOTH TYPE
IN THE POUNDBURY SKULlS
TOOTHTYPE	 1	 2	 3	 4	 5	 6	 7
MAXILLA
No. of teeth. examined 269 279 299 297 269 278 268
No. of teeth with
hypoplasia	 32	 27	 50	 11	 7	 17	 4
Percentage of teeth
with hypoplasia	 1.9 9.7
	 16.7 3,7
	 2.6 6.1	 1.5
MANDIBLE
No. of teeth examined 321 329 331 331 303 289 306
No. of teeth with
hypoplasia	 32	 31	 79	 25	 8	 7	 8
Percentage of teeth
with hypoplasia	 10.0 9.4	 23.9 7.6
	 2.6 2.4
	 2.6
(Badly decayed, broken, soil eroded, or severely attrited teeth
were excluded from the ana1ysis
TABLE 6.4: THE TOOTH. PREVALENCE - OF DIFFERENT TYPES OF HYPOPLASIA
IN THE POUNDBURY SKULLS
TYPE OF HYPOPLASIA	 NUMBER	 OF NUMBER OF
	
NUMBER OF
	
TEETH	 TEETH AS A
	 TEETH AS A
% OF ALL TEETH % OF HYPO-
PLASTIC TEETH
No hypoplasia	 3831	 91.9	 -
Rough area of missing
enamel 2 mm in diameter	 3	 0.1	 0.9
Rough area of missing
enamel ) 2 mm in diameter	 24	 0.6	 7.1
Smooth area of missing
enamel <. 2 mm in diameter	 5	 0.1	 1.5
Smooth area of missing
enamel> 2 nun in diameter	 6	 0.1	 1.8
Pitting defects
	 43	 1.0	 12.7
Horizontal grooves
	 255	 6.1	 75.4
Vertical grooves	 2	 0.1	 0.6
All hypoplasias 	 338	 8.1	 100.0
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TABLE 6.5: THE REPRODUCIBILITY OF THE DIAGNOSIS OF HYPOPLASIA
ON THE BUCCAL SURFACES OF TEETH IN 16 POUNDBURY SKULLS
1ST EXAMINATION
TYPE OF
HYPOPLASIA None 1 2 3 4 5 6 7 8 9 Total
Where the diagnoses at both examinations were concordant, the boxes
are heavily outline.
235.
.,	 J
p,
Ti
Pt.
A
-
B
'rGuRE 6.2: TWO EXNPLES OF THE MULTfl'L SHALLOW ENAMEL
DEFECTS FOOND IN SPECflThINS FROM POUNDELJRY,
;'i ,
Ii?
/
'' iI:6
.Ii
2.31,.
4 1 I \4	 1jIri
*	 * -
B
FIGtJRE 6.3: ENN4EL. BYPOPLASIA. IN A MANDIBULAR CANINE 'ROM A
POUNDBURY SPECIMEN.
A) T. MACROSCOPIC APPEARANCE OF TH CANINE IN SITU.
B	 THE MICROSCROPIC APPEARANCE OF • A LONGITUDINAL
GROUND SECTION THROUGE TEE BUCCAL DEFECTS IN
THE CANINE.
237,
6.4. DISCUSSION
In this sample of skulls there was a high prevalence of hypoplastic
defects indeed, 37 per cent of the specimens had one or more hypo-
plastic teeth. It is important to note, however, that this was a biased
sample as only those skulls which had no teeth missing post mortem were
included in the study. Thus, the majority of specimens which were buried
in gypsum were excluded as they had suffered considerable post mortem
deterioration. This is particularly unfortunate as the gypsum burials
were probably people with a higher social status and they might well
have had a different lifestyle from the other members of the population.
High prevalence s of developmental enamel defects have been reported
in other early populations. For example, Brothwell (l959 observed
various degrees of hypoplasia in early British skulls, particularly of
post-Bronze Age dates 58 per cent had defects in more than one tooth.
Similarly, Goodman et al. U98O reported a mouth prevalence of 66 per
cent in a sample of skeletons from Illinois which dated from A.D. 950 -
1300. In the present study, 31 per cent (56) of skulls had hypoplastic
defects in more than one tooth and 25 per cent had defects on four or
more teeth. This was in marked 
con?trast to the results of the survey
among modern children which found that 15 per cent had hypoplasia of
one or more. teeth and only 1 per cent had four or more hypoplastic teeth.
Great care, however, must be taken before making comparisons between
the two populations the samples differed greatly in size and age
structure and dissimilar methods were used for their selection.
Nevertheless, although it would be imprudent to make direct conparisons,
it will be useful. to coimnent on some of the findings from the Poundbury
material in the light of the knowledge gained from the results of the
modern prevalence and family studies.
Unlike the findings in the modern children where no one type of
hypoplasia was found to predominate, in the Poundbury sample 75 per cent
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of the enamel defects were horizontal grooves. Similarly, Schulz
and t4cHenry (1975) in their study of prehistoric mandibular canines
found that shallow hypoplastic defects were relatively common and
severe and moderate defects were less so.
Various suggestions have been made concerning the causes of
enamel defects in archaeological material, but before these are
considered it is necessary to discuss whether or not the recorded
enamel changes were true developmental enamel defects. Firstly,
the horizontal grooves were unlikely to be post mortem changes because
of their smooth and regular nature. Also, if they had been caused by
attrition or abrasion during life it is improbable that there would
have been a continuity of the grooves on the mesial and distal
surfaces. Shallow furrows between the transverse ridges of the
perikyiata are often seen in the cervical region of "normal" teeth
(Boyde, 1976)., but the grooves which were recorded as hypoplastic
were much wider and deeper and usually involved at least half of
the tooth surface. In addition,psrikymata are seen most often in
newly erupted teeth and they tend to disappear due to attrition and
abrasion. Most of the teeth which. were recorded as hypoplastic,
however, were from adults whose teeth showed considerable attrition
and yet the prominent grooves were still present, which would indicate
that they were caused by a more severe disturbance of enamel formation
than the normal perikymata. The microscopic and microradiograph.ic
findings from the four hypoplastic canines provided further evidence
that there was a disturbance of enamel and dentine formation in the
areas of the teeth which appeared hypoplastic macroscopically.
As the majority of defects were found in the middle and cervical
thi.rdsof the teeth, this would indicate a disturbance during the
second to sixth years o life (Sarnat and Schour, 1941).. This is
in accordance with the findings of Schulz and McHenry C1975)., who
found that hypoplasia was most coimnonly the result of a disturbance
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during the fifth year of life.
The defects generally occurred bilaterally in a number of teeth
in the same specimen. This would indicate that the defects were
caused by a general, or systemic, disturbance rather than a local
upset acting on only one tooth as if often found in modern children.
There were few cases of severe enamel hypoplasia, as an illness which
would lead to such defects would nearly always prove fatal at that
time. This is supported by the high infant mortality rate in the
Poundbury population. The shallow defects which occurred would
correspond to lesser disturbances which did not prove fatal, but
were, nevertheless, severe enough to affect the ameloblastic activity.
A number of hypotheses may be suggested as to the causes of
the systemic upsets. Firstly, at 2 - 6 years of age, the time when
most of the enamel defects occurred, the children would have been
starting to walk. and explore their homes and the urrounding land.
Thus, they would have been likely to pick up dirt and unclean
objects which, especially If transferred to their mouths, would be
likely to cause gastrointestinal upsets. Similarly, they might have
suffered from seasonal illnesses such. as summer diarrhoeas. General
malnutrition has also been proposed as a cause of the enamel defects,
but there is no evidence to suggest that the community suffered from
severe nutritional deficiencies. The teeth and bones of the Poundbury
population have been found to have a high lead content (Waldron et
al., 1979; Stack and Whittaker, 1982)., but this is not known to be
a direct cause of enamel hypoplasia, although high lead levelê might
have an indirect influence by making people more susceptible to
other diseases. Finally, genetically determined defects may be
considered, but the histologicalindings are against this.
It would appear, therefore, that there was a genuinely high
proportion of enamel defects among the Poundbury specimens. There
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were few severe cases of hypoplasia, but the many teeth with shallow
defects would suggest periodic disturbances in enamel formation
probably due to systemic disturbances between the ages of 2 and 6.
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CUAPTER 7
SU4MPRY, GENER7L DISCUSSION MD CONCLUSIONS
242.
This thesis has investigated different features of the complex
and wide ranging subject of enamel defects in the permanent dentition.
Unlike the majority of other studies which have considered just one
aspect of these anomalies, this investigation has provided original
data about their epidemiology, aetiology and histopathology.
The prevalence study provided information on the number and
type of defects found in a sample of schoolchildren living in the
London Borough of Havering, a low fluoride area. Developmental
enamel defects, including discolourations and hypoplasias, were
identified using well defined criteria. The criteria were similar
to those proposed in the new F.D.I. index of developmental enamel
defects (F.D.I, l82).. The results from this study, therefore,
may be.
 compared with. the- results of future studies carried out
using the F.D.I. criteria.
In contrast to other prevalence studies, the, results were
analysed in relation to the number of erupted permanent teeth
per child and according to age. Two-thirds of all the children
had at least one tooth with. an
 enamel defect. In the group of 1518
children who had 24 - 28 erupted permanent teeth, 68 per cent had
enamel defects with a mean of 3.6 affected teeth per child. Although
the. majority of children had only a small number of defects, 10.5 per
cent of those with a. "complete" dentition had 10 or more affected
teeth..
The overall proportion of children with enamel defects was
relatively constant across different age groups. The youngex
children, however, had a greater proportion of their erupted teeth
affected by defects than did those in the older age groups. Although
the younger children had fewer erupted teeth, those permanent teeth
present were the teeth- which- had the highest prevalence of enamel
defects, that is, the upper incisors and the first molars.
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Interestingly, the prevalence of defects was found to decrease with
age in these teeth. A number of reasons was suggested to account for
this, including the defects being destroyed by caries or restorations
and the possibility of the discolourations fading with time.
The majority of defects were discolourations; 67 per cent of
the children with a "complete" permanent dentition had this type of
defect. White patches greater than 2 mm in diameter were the most
co.xxuon type of discolouration. Uypoplastic defects were much less
common, occurring in only 15 per cent of the children, 60 per cent
of the hypoplasias were also discoloured. This is in accord with
the findings of the histological study which showed that the majority
of hypoplastic defects were also hypomnineralised,
One variable which appeared to affect the prevalence of enamel
defects was the type of housing in which the chil.ren lived. There
was a slightly higher prevalence of defects among children living
in council housing tham among those living in privately owned houses.
Interestingly, housing appears to be a more useful indicator of
social status and culture than social class as classified according
to the Registrar Ge-neral's classification of occupations (Fox and
Goldblatt, 1982). Reasons for the difference in the prevalence of
enaiiel defects between these two groups of children might include
differences in morbidity from childhood illnesses, the caries status
of the deciduous dentition, nutrition and genetic factors.
It has been contended that despite the broad aetiological basis
of enamel defects, it is difficult to allocate most observed lesions
to a specific causal event (Cutress and Suckling, 1982).. In the
prevalence study it wa.s not feasible to investigate the causes of
all the defects, but the aetiology of the hypoplasia fgund in children
with two or more hypoplastic teeth. was considered by means of the
faiily study.
244.
Four of the 101 index cases had hypoplastic and hypomineralised
forms of amelogenesis iinperfecta. Thus, the prevalence of these types
of amelogenesis imperfecta, among main study subjects who had ton or
more permanent teeth, was 4 in 2400 children. Chronological hypoplasia
caused by systemic illnesses was found in 18 subjects. The illnesses
responsible for these multiple defects were generally severe and ranged
from measles to meningitis. A further 18 children had hypoplasia which
only involved the first permanent molars. These defects, which were
also hypomineralised, were probably caused by systemic upsets, such
as fevers, which occurred soon after birth. Bilateral hypoplasia
of the lower central incisors was identified in 22 subjects. These
defects had a familial tendency and a multifactorial mode of inheritance
was postulated for this condjtion which has not been reported elsewhere.
Aetiological factors in other subjects included local trauma and local
infection, but for one third of the index cases no cause could be
found for the enamel hypoplasia.
In order to overcome the difficulty of recalling childhood
illnesses and traumatic incidents, a prospective study would prove
valuable in studying the aetiology of enamel defects. A longitudinal
study could follow the development of a group of children and any
illnesses and incidents of trauma could be carefully recorded. Dental
development would be charted and the presence of enamel defects noted.
Having taken account of genetic and general environmental factors, the
role of systemic diseases and local trauma in the aetiology of the
enamel defects might then be assessed.
In the family study it was easier to identify the aetiology
of the defects when a large number of teeth were involved, for
example in those children with amelogenesis imperfecta and chronological
hypoplasia. Nany iDinor defects, however, appear to occur quite randomly
and it is probable that eyen after extensive investigations their
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aetiology may not be determined. Indeed, it might be wise to question
whether such defects should be regarded as "pathological", or whether
they should be regarded as part of a spectrum of the "normal"
appearance of enamel.
The histological study complemented the other sections by
describing the macroscopic appearance and microscopic structure
of different types of enamel defects. The specimens with ainelogenesis
iinperfecta had a markedly different appearance from that of the teeth.
with defects caused by severe illnesses. In particular, the genetically
determined defects affected the enamel of the whole tooth, whereas
those caused by systemic disturbances only involved the parts of
teeth forming at the time of the upset.
The enamel of the specimens with- amelogenesis imperfecta showed
no prism formation in the teeth with thin and smooth. enamel hypoplasia
and an irregular prismatic structure in the teeth . with rough hypoplasia.
The specimens from the brother and sister with X-linked dominant,
hypoplastic amelogenesis imperfecta showed characteristic sex differences.
The brother had thin, smooth and shiny enamel which had a homogenous
microscopic appearance. In contrast, his sister's enamel exhibited
vertical grooving which. may be explained by the Lyon Eypothesis
(Lyon, 1961) and it had a disordered prismatic structure. Other
interesting features in the group of patients with thin hypoplastic
amelogenesis impezfecta were a lack of caries and an apparent inability
to form reparative dentine in response to atlrition.
The enamel of the specimens from the patient with a pitting form
of amelogenesi.s imperfecta had a prismatic structure, but it was very
poorly mineralised. Clinically, the hypomineralisation manifested
itself in the colour of the teeth-which-were opaque white. Bals (1962k
suggested that the simultaneous occurrence of hypoplasia and hypo-
minera].jsatjon in cases of ainelogenesis ixnperfecta is probably more
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prevalent than has been reported. The findings from all the specimens
in the present study lend support to this theory.
The specimens from patients with defects caused by severe
illnesses all exhibited areas of hypoplasia which were discoloured
yellow-brown. The enamel has a prismatic structure, but the hypo-
plastic areas were thin and poorly mineralised under a narrow, well
mineralised surface zone. These specimens exhibited prominent
incremental lines of Retzius which- coincided with the enamel defects
and there were corresponding zones of intergiobular dentine and
incremental lines of Owen in the dentine.
The teeth with enamel defects of uncertain aetiology (Group D
had a macroscopic appearance and microscopic structure similar to
that of the specimens with, chronological hypoplasia, which would
suggest that these defects were probably due to a systemic upset.
Interestingly, the macroscopic appearance of the defects in this
group was similar to that of the defects found in members of Group
4 of the family study, who had enamel hypoplasia of only their first
permanent molars. This finding provides further evidence that the
defects found in subjects in Group 4 were probably due to systemic
disturbances. The histological and family studies emphasised the
value of a combined clinical and histological approach to determining
the aetiology of enamel defects.
The archaeological study provided information about the
prevalence and type of enamel defects found in a sample of skulls
froi an early British population. Thirty-seven per cent of te
skulls had a number of hypoplast.tc teethj the most common type
of hypoplasia being shallow horizontal grooves. Microscopic
examination of a small number of teeth with this type of hypoplasja
revealed areas of disturbed enamel formation in the region of the
grooves. There were few severe cases of enamel hypoplasia, but the
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many teeth with shallow defects suggested periodic disturbances in
enamel formation probably due to systemic upsets between the ages
of 2 and 6 years. By contrast, the enamel defects found in subjects
with chronological hypoplasia in the family study were relatea to
illnesses which occurred nost coimonly in the first three years of
life.
The different aspects of enamel defects which have been
investigated in this thesis have contributed to a greater under-
standing of their prevalence, aetiology and histology. In addition,
the inter-relationships between the different sections have provided
further useful information particularly in regard to the aetiology
of different defects.
248.
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APPENDIX 1: Examples of correspondence with the schools
in the prevalence study.
266.
Dear
Further to our telephone conversation concerning a dental. inspection
at your school, I would like to confirm with you the following dates
for the dental examinations:-
Thesday, 9th October
Thursday, 11th October
As I mentioned to you, I will be carrying out this routine inspection
for Barking and Havering Area Health Authority and some of the
information gained will be used for a project on the dental. developnent
of children attending schools in flavoring.
I would be grateful if you would kindly send me copies of the class
lists for the children from the 1st kth years.
Thp.nk you for your help.
Yours sincerely,
Joyce M. Smith, B.D.S., M.Med.Sci.,
Department of Child Dental Health.
267,
Dear
Thank you very much for all the help which you, your staff and pupils
gave me during the recent dental inspection. I trust we did not cause
too much inconvenience to the normal school routine.
YQur5 5lncerely,
Joyce M. Smith (Miss), B.D.S., M.Med.Sci.,
Department of Child Dental Health.
268.
APPENDIX 2: The examination form used in the prevalence
study.
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APPENDIX 3: The draft F.D.I. examination form and
criteria for the index of developmental
defects of enamel.
FDI SURVEY FORM
DEVELOPMENTAL DEFECTS OF ENAMEL
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Categories of Defects
Cateqories
Type
Normal
Opacity	 - white or cream
Opacity	 - Yellow or brown
Hypoplasia - pits
Hypoplasia - grooves
Hypoplasia - missing enamel
Opacity with Hypoplasia
- separate
- combined
Discoloured enamel
- not associated
with an opacity
Other defects
Number of Defects
Single
Multiple
Diffuse	 - fine white lines
Diffuse	 - patchy
Location
Gi.ngival one-third
Middle one-third
Incisal one-third
Ging.val & middle one-third
Gingival, middle & incisal
one-third
Middle & incisal. one-third
Occiusal
Cusp al
Occiusal & cuspal
Dental History
Dental infection
Extraction
Trauma
Lifetime F (systemic)
F tablets
F ppm (water)
Medical History
Metabolic disease
Genetic defect
Drugs
Childhood illness
Aetiology of Defects
Fluorosis
Tetracycline
Tr urn a
Gene tic
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APPENDIX 4: Examples of correspondence for the
family study.
275.
The London Hospital Medical College
University of ondon
DENTAL SCHOOL
Turner Street, London, E.1. 2AD T&ephone 01-247 5454 ex 46
Departmeit of Child Dental Health
Professor D S Berman Ph D M S (III). B D S. D Orth. D D P H
Dear
During the course M a recent dental inspection at
School I was able to examine	 's teeth. I would like
to include him/her with your permission in a study of tooth
development that I am carrying out with the approval of Barking
and Havering Area Health Authority and the Director of Education.
'the information which we gain from this study will be useful
for the assessment of the dental health of future generations
of children. . However, in order to derive as much understanding
as possible about tooth development it is necessary to examine
the mouths of all the members of some families chosen at random.
I would be most grateful if you would agree to help me in this
way. I would like to look at the teeth of as many members of
your family as possible; I will only be looking at their teeth;
I will not be taking any x—rays and I will not be commenting
on the condition of their teeth or whether or not treatment is
required.
To make this study accurate it is important that as many of the
selected people as possible should agree to participate, I would,
therefore, greatly value your helD in this way.
I will be calling on you sometime during the next two weeks to
ask for your help; I have a number of visits to make in the area
and will call again if you are out. If you do not want me to
call, please write to me at the Department of Child Dental Health
at the above address, or teleohone and leave a message at
01-247-5454 ext 1.98.
This study has the approval of my study director, Professor D. S.
Berman, Professor of Child Dental Health and the Ethics Sub—
Commit tee.
May I thank you in anticipation of your help. I look forward
to meeting you.
Yours sincerely,
Joyce M. Smith,
B.D.S., M.Med.Scj
276.
The London Hospital Medical College
University of London
DENTAL SCHOOL
Turner Street, London, E.1.2AD Telephone 01-247 5454 ext 46
Department of Child Dental Health
Professor 0 S Berman, PhD. MS (III). BOS. D.Orth, DDPH.
Dear
Thank you and your family for a]]. the help which you so kindly
gave me with my study.
I trust that my visit did not cause you too much inconvenience.
Yours sincerely,
Joyce M. Smith (Miss) 1 B.D.S., M.Med.Sci.,
Department of Child Dntal Health.
277.
APPENDIX 5: The interview schedule for the family
study.
278.
A FAMILY STUDY OF DEVELOPMENTAL ENAMTJ DEFECTS
AND PERMANENT TOOTH ERUPTION IN A GROUP OF WHITE CAUCASIAN CHILDREN
INTERVIEW SCHEDULE
Name of proband
Main study number
Address
Number of brothers and sisters
Where possible the following questions s)ould be answered
by the mother of the proband. If this is not possible
they may be answered by,the subject's father or guardian.
A set of questions should be completed for the proband
and each of his/her siblings.
27
1..	 Proband or sibling
2. Number for family study
3. Sex of subject	 Male
F em'a 1 e
4. When was your son/daughter born?
5. Has •... lived at this address since 	 Yes
he/she was born?	 No
Dort'-t. krow
If No:-.
a) How long has he/she lived at this
address?
b) Where did he/she live bf ore and
for how long?
Area	 Dates of Residence
Has ,.... had any childhood illnesses?
	
Yes
No
Don't knew
If Yes:-.
What were the illnesses and how old was
he/she when he/she had them?
Illness	 Ae
28Q.
7. Has s.... ever been in hospital?
If yest--
Please could you tell me when, and what for?
Condition	 Age
8. Can you remember if she/he was given any
medicines when he/she was younger?
If yes-
What was the medicine and how old was
he/she when he/she was given it?
Medicine	 Age
Yes
No
Don't know
Yes
No
Pon't knew
9. Has he/she ever taken fluoride tablets?	 Yes
No
Don't knQw
If ycs:-
When and for how long has he taken them?
10. Did he/she ever have an accident to his/her
	 Yes'
baby teeth?	 No
Don't know
If yes:-
How old was he/she and which teeth were
affected?
___	 Teeth
281.
1..1, Did he/she have any abscesses on his/her
baby teeth?
If yes:-
How old was he/she and which teeth were
affected?
___	 Teeth
Yes
No
Pon't know
12e Hoi old were you (mother) when he/he
was born?
13	 old was his/her father when he/she
was born?
14. How rnuLh did he/she weigh at birth?
5, Was he/she breast or bottle fed?
if breast fed, for how long?
16. Did you have any illnesses during
pregn ancy?
Bottle fed
Breast fed
Yes
No
Don't know
If yes. -
What illness was it and at what stage
of pregnancy?
Illness
	
Stage of pregnancy
'7.	 'hat is your husband's (your) occupation?
THANK YOU VERY MUCH FOR ALL, YOUR HELP
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APPENDIX 6 - Statistical formulae and calculations
a) Karber's method of calculating the 50 per cent eruption point
Cc.f. Section 3.2.2k
(Hayes and Mantel, l958 Brook and Barker, 1972)
The 50 per cent eruption point is calculated using the formula:
m n - (.sl + ½ + A
-x
where
m = 50 per cent eruption point in years
n = number of age groups at developmental stage
5]. =	 number of positive observations
number of children in age group
x = number of age groups per year
A = the mean of the first age group
The standard deviation is calculated using the formula:
ç/'2s1a - sl(sl + 1). -
where sla is the sum of the cumulated proportions:
number of positive observations
number of children in age group
b	 The calculation of heritability (h 2) (c.f. Section 4.2)
Method I from Falconer (.l965 as described by Emery (1976).
The frequency of the disorder is estimated in the general population
(g) and in relatives of affected individuals (ra).
If A = affected individuals in a sample
N = total number of individuals in the sample
q = frequency A
p=l-q	 -
283.
z = deviation of the threshold from the mean of the population
a = deviation of the mean of affecteds from the mean of the population
r = correlation between relatives and probands
V = sampling variance of r
w = _2
2
aA
then	 r=x9-xra
ag
2
and	 h = 2r for first degree relatives
i2
V	 (g Wra
s.e.h2
 = 2 /V for first degree relatives
Thus, the calculation of the heritability of bilateral hypoplasia
of the lower central incisors:
qra = 9.6 per cent gives xra = 1.305
qg = 1.4 per cent gives .xg = 2.197 and ag = 2.549
so that r = 2.197 - 1.305 = 0.892
2.549	 2.549
= 2r = 1.784	 = 70 per cent
2.549
V	 (;).gWra
-	 1	 2	 0.904
-	 2.549	 (J•774)2
= 0.626 x 0.057
= 0.036
s.e.h2
 = 2 10.036
= 38 per cent
The heritability of bilateral hypoplasia of the lower central
	
incisors = 70 per cent
	 38 per cent
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